Low temperature heat capacities of thorium, gadolinium and erbium by Skochdopole, Richard Ernest
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1954
Low temperature heat capacities of thorium,
gadolinium and erbium
Richard Ernest Skochdopole
Iowa State College
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Physical Chemistry Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Skochdopole, Richard Ernest, "Low temperature heat capacities of thorium, gadolinium and erbium " (1954). Retrospective Theses and
Dissertations. 12927.
https://lib.dr.iastate.edu/rtd/12927
NOTE TO USERS 
This reproduction is the best copy available. 
UMI 

Title; f«mperatm»Q Heat Capacities of thopluHi. Gadollnitm 
and Irbim 
= Hichayd akoehdopola 
(Official certification of the classification shown is filed in the 
Ames Laboratory Document Library) 
W. E. Dreeszen 
Secretary to Declassification 
Coramittee 
U N C L A S S I F I E D  
Signature was redacted for privacy.

L« fmmmm mm ummmm qw 
1, fkoohis^lt 
A Di#g03ftati«m %©• the 
•Qifaimt® Faculty ia Partial falfillassat ©f 
fht© Bm%vdmmicktn £m the 
mmm iwMwsi;*' 
M&l&t iub1ecifei;;"S|r#oa^ Ghsmifflrgr 
Api^o^edi 
la Oharg© of Major Herk 
Haai of Major (/ 
Dean of &ai.mt«''Oollsg© 
Iowa State Golltge 
1954 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
UMI Number: DP11989 
INFORMATION TO USERS 
The quality of this reproduction is dependent upon the quality of the copy 
submitted. Broken or indistinct print, colored or poor quality illustrations and 
photographs, print bleed-through, substandard margins, and improper 
alignment can adversely affect reproduction. 
In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if unauthorized 
copyright material had to be removed, a note will indicate the deletion. 
UMI 
UMI Microform DP11989 
Copyright 2005 by ProQuest Information and Learning Company. 
All rights reserved. This microform edition is protected against 
unauthorized copying under Title 17, United States Code. 
ProQuest Information and Learning Company 
300 North Zeeb Road 
P.O. Box 1346 
Ann Arbor, Ml 48106-1346 
li 
QCi95 
S k 5 l  U  
c. 1 
fiBB Cf SWiHS 
Pa®e 
mmmmm i 
mvm m Lsm&m i 
fhWiuB 4 
SaAeaiaiw ^ 4 
iajbitts' 5 
i«D iff Mr is 7 
M&twialf 7 
Thorim 7 
Gadollnitffli 7 
Erblxffit S 
App»attts 9 
Mechanical feattires 9 
Electrical features 15 
Electrical Jaeasuring 19 
aCH13*fS MD fmM&t m MA S6 
l^riaieBfeal 26 
General  ^
Miabatic irtilsli «02ite®l 27 
Temperatum  ^pmm »aMiR»w@iifes 31 
•frsatffliat lata 35 
Ten^eratursi 35 
Heat input 37 
Heat capacity aaX©«l«feloiii 3S 
Thermodynasalc fimotioa® 41 
m§mm 43 
Therima 43 
Gadollnim 51 
Erbiiua 59 
- T i l l 9 9  
5ISCUSSI0N 
fhcariuta 
Cradolinim 
Srbium 
General 
$mam 
1 
ISfMTOflBN 
latertsi in ISie iOTSstlgatioa  ^oi %© heat oapaeity of a awtostanoe 
omr th® taspe-i'atwr® tmng© 15 t® 300®!# aay a3pi#e fr©m smy om of several 
mmmB4 fhe moii f»Wimg ^of thete £# that &£» iaoit iata 1di€r@ caa he 
GalQiilateil the vaacfa# tli©m<%x«miG ftmctionsj 1» pa2?ticular, the 
@at3?©|}y eat the firee ©n@tgy fmetion. MiM& frm fueh utHitarian co»-
sii®ratiai», the behavior ©f th# heat eaiaaeity iroviies infeirmtloa on 
th© nattir© of derbaia pr@e©s#0i lAldi -OGCts* m the tea^eratura i® raised, 
fh® most 'i^rtaat sueh pr©««.®t, that -of viferational eKcitatioa of the 
lattice, has i?®<»iv@t Mich attention tofch it^periasatally aM thsoreti-
cally mi i«maiai. to thie a fieli ©f aotiv© iBt^est*.^ -
la a€4itiott t@ this ev@r present "aosmal" effect of lattice 
vite-atioii, there la '^ ®£ist other |4i®n©Bi®aa irtth Aicfli an energy chang® 
ii associated ^aJii %ii£e4i appesT' as aii0mli«i m the otherwise normal heat 
eapaeity otjtv®.. fh® tas^ratar© at Atoh aa ^aaalous ®n®rgy chaa  ^ is 
most rapli is iimtiiately ©vMgnt. If| ia aitition,. it is possiWle to 
S0p®att th®' aeaial aM aaomalous c<»itrll»ttms to th© heat capacity, 
then th® ©aargy aM entropy di&ages assooiatti td.th ©ach laay h® calcu-
lat@4. Sow @xa^l®i' of |A»aaa©'aa iA,idi hava bt®n stisilei in laiis 
asnner arei |imse or structure 'Ohai^ts, orter-iitorier effects, magnetic 
traasitioas* ®l@ctr«ic trassitioas, aM hlMered rotation ia molecules. 
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tmm m LITERATOM 
ffawiwa 
fhi® 'Valw of •* 13 *55 im tiiapiiiai mm ©stiiaittei Imwis^ ani 
§ilss«>a2 la 1917, It m» Mi.®d oa the Miu9ai«aeat B^ym^ of th,@ 
mmfSLg® ralm «f th# 'at^ie l»at of tli«ltai tetwatja the tM|3(©3ri.tw©s of 
liqaM hi^ogtn m& liqaii Bit '^K^en. fhlt .apfp«Kimat@ vslm of ISi© 
tafepcf®  ^ haA ii©t.'b«#a faiPthtr csht'Sfeii .mA ig. p»®@atei - la th,® staaias?a 
effl^CLatteB# of -tai ®f tlia latiiml Biireaa ©f 
®i@ 'beat e^-aeity 'iB8ssii$wi@Bt® ®a osrlua ^arkiasoa, • ^iman  ^ onfl. 
ip@4aiaf3 -wsm. SM the oMparism h@at oap^aeitj of tharim, 
Ebif foiisa that mwlm ^®»S0.«S two aa«alw s®gl®a« in its h»at 
capaelty, mm fro® fO-lSO^K'. ani tl» other ia th«' sei^txsrhooi ©f 12* .^ 
fh®3r assttiatfi' mmm3  ^ in tim 9C^18C^I., raag© nite tti® a^ppesraac® of 
a ooasS®ai»©4 phaj® Itt •^Ceh prehoM  ^ ©OGurs with th© pwstt©ti@a ©f 
033# 4 f @l@etrm to a 5 a statt,^ »^® fh« aseoaHy ia th© rtgiai arcmi  ^
12%, also appear® to fe® Msoeiatti with th® 4 f ©le^feroaij hut Is of a 
r0xy 
SaSollniiiia 
WbaM,.- ¥@lss, aat fixst r@p@rt@a ga4©liaiwi to  ^iAm 
fourth f®»i»i^tlo i^iffltnt, wllfc a 0«irl© tea^ratar# of 16®G, i 2®, 
5 
Lattr magmtiQ wmk frmhe^  ^ aM Elliott, JL®gvoM, ani Speidii^  ^
ha® their 3?es«lts» 
OiMr itwiles harii  ^ a htarijig m ^th© fersecasapstie bebaTior of 
gadsliaita iweltia® iilateawtei© iw«#ttMa&a:ts Ibgr Barton, Ii#gv«lfi, and 
SpeMiagH api aai F©«*^  ^ fh®. results ®f th«s@ two iarostiga-
titns iM a0t a®?@©, but %is w« pnb&Mj' &m to th© qiasstionabl© ®tat© 
©f th® 0mpl& la th# ©«,s« of the L&gwM, SpeMlng, Bmmn, md 
Elliott^  ^ iaimstigatei th® ©lectrioal wflstiirit^r frm 4-360® .^ aai 
tmmi m abanipt ehaiagi ia, th® t«^ratt««@ vorsm® »si#tiTrity otarvs at 
ayotaM fyram, l^gfoM, aM ipsiii^*  ^rdp^rtei a@a»u«®®ats of 
th® Hall @ff«©t irm 303-423®!* laaisttr, l»efr€^i, ani, Sp®iain^® have 
m©asur«($ th© te®ai»rstar® variation ©f th® lattic® paraMters irm 
4B-300%* by a©«ni ©f thsy foaad that the strustur® of gaioliiv 
-f-ma s^aains ol0s©st—pael»€ '§fV9iP th® entiro tsB^yature rang©* 
An approKlmt# saleulatida of th@ liwaj» ©-©©ffiQlettt ®f «paasioa frcaa 
their wrls agrma wsH witti th® dilatasstris MasursJiisiiti ©f frcmb© aaS 
Irbiwa 
I©©l5 ©itimatea that trbium wulS b#  ^ ferroraagaetis with a Otarie 
teiaperntwe ®f 40%, A mmnt s%v^ •§£ th® maga®tio iusceptibility in 
the rang® 2£>»7l%. has b®©a jmiei Elliott, I.®gv©M, awi Spediing.l  ^
fhey fsntti that the .aagaetle susotptibility b«o«@s fi®14 depeiiient at 
56%, i 5®, ai  ^ that mMm. is sppm^stly f&rrm&gmtio hsXow 20%, 
Between 1d:^se t«^epatt»®« the fieli i@p«ni@ae® beaomes mor® 
a® th# tea^mtw® dscsfeaisf. fh@ ia» aathtrs mA&zA4 th© magnetie 
6 
ittsoepttfelllty »gsiJtr«wiits fr®i 70"90%,^  ^ fk®®«. asaaufweats ^ abow»d 
that tbsrs exiits a ^Lrogt c®^@t© inispeadsnoe 
«f •thS' ,itti©@ptifellity h®t»®ii 6'5-S0®I,., a tllj^t- aaaciram at B(PK, 
Shia hshavios-'mslltonsd t® that of m ajitif©fTi«sga0t-. Prtllaiiiaiy 
reitjlts asutrea 4iff'raction m'&mmmtita  ^I«M.er aist Wollaa^® 
mm q^dts 0Cia|3l« aai tifflmilt te •iaterp'et, fi»y gav® sti-csst ©vld@no© 
for th® mijstmmm • of a f@»«aga©tis •stat© at 4 ,^ &M als© ahowd ifeat 
ap:l>@.«r©t t© b© varioaa 4©^®©s #f.,iaa^tio oi€®rlttg la %im rang© 4-78®!, 
t&er work having a«tt® .to'Sriag m the .laagnetic teehavior of ©rbitm 
iaclttltes ttiat m eleetrical »fiitivlty fey Iisgreli, s| in ^le 
TmgB 4-280®K» 'fhey fsrai a snail etoaage ia th® slop© ©f th@ resistivity 
vergms teaparature owv© at aboat ro°K, lall efft'Ct. aBasttr^»Jits frem 
100-.3'CX3%, Isy .Kevaae, h&gmli., auA Speiiiag^  ^ sh«w  ^ a graiwal rise of 
th© Kail cmiSieiMnt as th# t«8|>tyat«r@ is fecre^as®!. Dllateiwtric 
a®afur@a®ttti ia the rai^e lOa-3^00* ,^ hav® beta r®port@d Iqr B arson, 
I«6gv©14, mS, Baoisttr,: I»efV#li., ai  ^Speiiing^® hav® msasursd 
the lattice paraMteri betwsea 40-3^J^# fh  ^ fmrnM that erbium is 
h«ag»al ^ 0lo#®it*ijael»i Qfrtr th@ entire raj  ^»tiaii©i. A value for th® 
linear esi^jaasioa ©©©ffieieat oal.eulst0i, fr» this work agrees fairly well 
with ^at of Bar#o», tsgvoli, ani 
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two iid not »@d to b© momm-tl^t, st®@l elips mm m@A t© fasten th© 
joiat, fli©»aal ooatact 'bttweffii tij# mi rti@rr®is? was laprsTOi by 
harlag stopcock grtase la 'Ma© b^@nat i«ll# the mpp@r 
3r®i@ry0ir anS its w@  ^ a iltatii:  ^ %, m calltt becaaas it 
aisuasA a tQB^0i»ati3» iateaifiAlat® l»t'Mita tto.t of Sg Irass 
cfflataia®!?, Hi® fl©atiag sliieM,. ym fa«teii®t t« a am#! idLat® idiioh 
was p©mla'st©i 1  ^idJ. @f •Kas fiUlug aM prating tub©!# fMt ®an@l plat® 
wag ia tarn f iglily »i!p«ai#i fVm tb© tea®® <smmr plate of tb® oxyostat 
bif thr®© st®©l m&rmm  ^i»oii®s lm^» O^tot ali®s»at sal wrtioal 
ipaolag iiaa ffiatatain®€ tlii»a© bm^tegs 3 1/B issues long# 'fb® ©atire 
ftismMy fit int®' a bras# eaa. of, fellewluf •iSBwatimst 7| laches 
Q.D«, 33k iaol»® ia l®33^b,. l/S ia  ^ fht eeatral. puapiag tub® fcser 
til© 0al®rlw>t©r oh«b®r, as «®11 a®, th® hyir0g«a tank filllag .aad «lt 
tubsi, mn% A&m ttoPOM^i th® aaaiiltts of %hm. reserroir, fh® ceaferal 
pi^iag tub© e@atim»i tte'iw  ^ Idi® l&mr yesarveir. 
All, |ii->i«aU,|» y#8®i*T0ii'@ wip@ ete«fflit®»|^a,t©€ ajecspt th® afliabatic 
Ai®M, M, "tAiieh ma gold-plat^# fh# wioua flllli  ^aa4 puling tubes 
mm soft @@l^»i tato the plat® of ear^itat aai, strroi to 
.0ttpp©rt th© «attee assonl^* fh@ «©w@r plate eat th« flai  ^m th® brass 
srsmstat mfSa. hal a oa^®f«lljr m^im€ p^.oto t© aoooBaoiatt m ©-•ring 
S0 that a moiMim seal ecwli b® awi©* fh® brats O'sa ms pro-vM®t with 
gm iadi side port im? tiracmtioa Igr a two-stsfe oil iifftj»ioa puinp. fh# 
ohaj^r iasit® ©f had a ©epaapst© aai .slMlar memm ,^ st«Bi. 
fhe @ati» .innar ass«ab2  ^ceuld l» lifted bgr a h®ist. Two r^s 
u 
 ^,l»oh, ia earewt lirisa- th® eoTOr aai -wsx® ooxm©et«l 
at 'til© %o  ^ a OTQis to ybl«  ^ a teift'mJ^t W attacai .^ fb® 
»<iiaaie  ^details ®f-tbstfparla-aj?® ftJMaarissi • M fable 1. 
ts^@' 1. 
Materiali' 
Oyyoftat oaat 
Gxyogtat flstE^®! 
Cijy^itat o««ri 
fUmtUg shield! S3 
Upptr t®,s»r?©iri E2 
U» »ser(roir shield? if 
"h&mit reservoir J % 
L, si^servoir shieldt % 
ff» reitrvO'ir failing ^ tiibHst fi 
f* reservoir pmping tubei f2 
Lt reservoir filling tube: T3 
L. reservoir p^ai^ing tube: 
Sransfer guii® tul»i f§ 
G®atral pirapiu^ tubei % 
feaialesa brass tub«| 35i® highf 
7i-» O.D.j l/8« wall 
teass 9 5/8« 0,D,.j. thtcfaws® 5/l6«f 
shoulder 
Sras# 9 5/B» thio'toaes® 3/8» 
Copper 0,010" thick} 6|-" O.D, 
Copper tube O.D.j 1/16" •wall 
Copper tube O.D.j 1/16" wll 
Copper tube 0,D,| wtll 
Copper tube 4." O.D.j l/lS" %«!ll 
Ccspper tube 4" O.D.j 2/16" well 
Moml 3/a« O.D. J  0.016» i«ll 
Moml p O.D.J 0.032" mil 
Moaelf" O.D.J 0.032" wall 
Monel t" O.D.J 0,032« wall 
Brass 5/3" O.D.j l/l6*' mil 
Upper, laonel 5/8" O.D. j 0,032'* wall 
Loijer, cc^ psr 3/4" O.D,j 0,032* wall 
fh© transfer tube for the lower reservoir was derouatabl®, A 
rubber wag aad® at th« top of the guii© tub® so that it was 
possible to pmp oa the lower balii with the transftr tube in place. 
15 
Elegtgldal ..featayes 
fh® ^©lectrioal l&eSm mm #32 5,S»0* coppt^i?. 'fh© thermocoaples and 
the leafli th& cff©stat a fmeianim ieal mi© ceaeatljig 
th«m telwsea a glas® '^ att m& a teas# ifiag "wltfe Apleson W, Together 
with the thearrocou-plts, th© Itai yim§ war© hreaght €qw» the oeater 
pimping tahe aai mm ^ woTini ti^tly amaai the ftationaisy ring three 
taj»s and th© floating rii  ^fiv® th© l®aiS' 'mm wrap|)©i arouM 
the aSiahatiG Alsli .fisc tlm©# i» a ©hallow groov® fflachia®<i in th® cylin-
4rioal part of th© Aisli for thii p3i^s»m, 
'?h© saeapl® heater ms  ^ ohang  ^ toffli frm'raa to rua, m f:K|3laia@d 
bslow, For thoritM mA gadoliaita heator was of #3S coastaatan wire 
noa-iniuetiTOly mm& ia a helioal grtoim aachiw  ^ in the heater shell. 
It had a rssiataso© of apgi«iaat®lf 130 eibai. tm #38 D»S,0. copper 
1©^®, idiich a® ota^eat l®sis, w®r® sol&rei to th© enis of the 
ooastaatan. h®«t®r olose to th® start of th© isalieal wiaiiJ .^ fh® 
#33 copper leatis mm wapp@a li- tlj»f arouni tS®  ^ i»ll h©at©r ring, HH, 
and th®n taken to the outsiie ©f th® atiahatio itoitli. ^ imte th®y were 
soldered to the #32 ©oppsr l®si»» Qm pottatial l®si wat #38 oopper aaS 
ms |oi»i to. t  ^ewrreat leai Jiait ai th© ouri^at l©.i  ^ Isft th# heater 
ring for th© ^iahatio ahifli, fhit potential l®al was brought outiid© 
th© adiabatic shi«li aM solierei to a #32 cs^por load.# fhe aoeoni 
potential leai was a #32 eopp@r lea  ^ o«Man@ct@4 to th© s®cc®i ourront load 
lAtr® th® latter la®t imis oontaot with tho atiahatio shield hefor© going 
to the caloriaaater proper# 
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17 
Abewt Ir iaeh ivm limm thtr mmg^. tvm th@ glss#, #40 
«©y#ip®d Q^|»p wirts mm selitirwi t© fk##® iplle»s a»a %im @x©@s® 
plaMjailB III.TO SSUM-SS' ®a %)30 fthawfe @f fAo ShSMtOWfeSP •aa-T«8 "wejp# 
hmxiA down witti ®llk tte«at ani S.I* aihtstr#. frm th# timwrnsmtme the 
#40 eoppwr l«ais wsbI te tli® htat®? flag iM. mm mmA as^wi it li 
tiai®'®, Wvm tMs riag mrm tafeta t® the ©ut»iie ®f tht aSiabatl© 
sliltld ai  ^ t© tlm #32 l«ai ^AiPti, 
Ai »iiti©Md previettflf, th# #32 leaif f« th» tii®i?BKwt@r, 
£m til# li®at«r, aai £m %im tli«®ewi«i|a,0s, sO^mg witli a 
mimlw .®f upams Ca t«tal ef 30 mm *®wM ia a spiral grwe m 
til® iiit if th# «iisft>atic sfcdtli* flits# itim& mm cwerti vith one 
e©at &f mx'm h@im& viatiag and tm aititl^ial amts aft®? viailji .^ 
fl» uima. mm s«®wr«i t© th© ^itii at iii® iOEtfimltls# tegr a ti»©ai 
irteraiag #60 h©l«» m Blthew Biim ©f tlw fh© entire stup-
fa» ©f -&» ejlinfer ms than &mmx^ % #10 g@M f&il, f<^loM®4 ^ a 
Is^r -©f oig®r®tt© piptr. ®*i, ayfiitiiv# m® ms«i: •batii as a o«i@iit ai  ^
as. aa nit iti ingwlati^a. fli« b#mti«« af the iife ef %Tm fliield 
mm tt«*iatootiTOly immi. m t«  ^of tli® elga»tt© papsr. It wm aa  ^of 
#30 soawtantajs wi»- aM M a »f S9'0 ©tos, fhif ms 
glmn •Wwt® 0®at® ©f §*1. afii@gif» aai  ^ e&mm^ wi-Mi #20 gfli foil. 
fh® t  ^of th0 aiiateatie f^®lt was moM. iMaa-iaitiotiT«ly wi'to #38 
l>»S*0» ©oastantaa sM JsaS a wsJ^staae# ®f 760 ^smi» Ifef bottoa @f the 
adisbatio- i^@li ms similarly mjai aai had a mBtstmm 9i 745 
fh® floating riag w ymmS. witli #35 O.f.C. 
IB 
c<mst«itaa 'Mdre hariag a resistaac© «f 300 ©hios aM. ms coveret with 
g®3.i feai. Siao® the atationajcf riag was in direct theraal contact with 
lower r®ierr®3r, it was aot pfwiiei. with a hesiter. 
fh@ direot th@i«>o0ui)l@t, lAiieh were tisQi -miHj fw trouhl©«$ho®ting, 
mm mat® of #36 D.S,G, o@pp®r aai #30 S.S.C, acfflwtasfcaa wire, fhey wer® 
JoiiaM t® th® surfae®® hy fslieriiig oa 'th@ «tatloaai7 ring, floating 
rii^j ths fii©, top ana hsttaa of the aiiabatie itoieli, aiji to the oalo-
riaeter fh@y mm ataatotred fr<» 5 to 10 aM placed a® shewn 
in Figur© 2. 
fh©r@ w©r® f©«r tiff^reao® thermDcottplsa between l^i© fellowing ccaa-
pQ»nt@i 1, bloek slde^adiabatio shiali aid®! 2, bl®ck bottoa-shleld 
bottoai 3, bleok top-.^ ieli t< |^ aad i, fioating ring-Shield top, fhey 
were sad® of #35 D.i,.Q, coastimtaa wij?« aad #40 ^Itas-corored ec^per 
^vi:m for tti© thorim and faiolialua mm, iefort. the erbium run the 
diffeir®ac© tterm0(iottpl@» mm chaagei ia two w^®i they mm mad© longer 
so that laor© of the th^raiteoTjple eouli b© lao<jtter©d dowa to e<» to 
©qttiliteitto with its pssTt, attt #38 B.0.G. ©«^p®r was uiod iiv 
st@ad of thf «ali«r  ^copper tii«d pt^ftously* 
fh© d^iffereace thoraooompl® Jmotioai on the block wore sooured ta 
ro®#-ffl®tal-*fillad weHs of c«^>per blocks i&ioh mm' bolted to the block, 
fh© jtmotioni oa th® .ihioli were halt betw®@n pieoa® of mica trader copper 
tab® aad w®r© s®om*@d with t.B* adhesi-v© prorided both mechanical 
stability and theaaal cozAuctivity. At least six. iaA©@ of eadi 
dlffortac© thoraocot^l© -ahoai of the Jmction w®r« lacquered to th® 
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iasii® tibt aiiatetie t® asiHW aqttililsrim. f ® aieur® 
thmmH BqvOllWim tli® W.mk «at tke lytosk,. all 
iiff@y®ao@ thmmQmptm mm .a«rai' a ri»g, TS# 
fFlgare 2) 2§" 'bisas®. gfing •%# tlseii* juaotisfflte 
fh® riagw^iieM iifffti®.!!©# 1iteiai®ig^iii3|}l® irai iO' tilte ring at 
aai laeqwrti tn -fe® teiH#  ^leaii  ^ th®3r fiwt ooatact tiit 
aSta'baSle a$ "Hit 'stlisp 
At th© ®x|}ea?ia©Etal «tati0a tto» was a Bafetllte barrier strip 
having pure mppm t@«iaals» 111 elsctrical leaif frea tli® ^05C|>©r3a©ntal 
rig mm f@M®r@i t© •toe®# t^ttlnalii iwm a. pe2»aa#a.t oal>l® went-
t® til® na'is #vit®ltteadri.. Hi® eabl® i»® a l#a4*0fci@li©d lestira ll®<strie 
M €3' lui £1' tAl .a*. 1^ inn Blfc <M| IMt. - — mMM tra •! ..Mi «M Jfll ^ A .Jik A* 24s »»»• BsfeerpiMMte GaM.® e'®TOsiaplii® is pmJtB 01 22 gaag® aaa 2 pat» #x 
18 gaupi e^ptr «te©s« Bi® aato g«4%oktea?a was fatoricat«i of 3/3 inch 
Batoliti. sni eciitals  ^fit® rmm  ^ df c&pp&T D.f^Otf * toif& 8Witeh®Sj> 
t®a S¥ltoh0f ia a' rm, fh® f3»t fmr mAMxm m t«  ^ rm pirn® all 
tea ©f th® ®®0«at -rmr ii&iff wil fdr "fcht aila3»fcio 0al®rl»t@r, HI of 
•fell© oefflpiBiBat# -of' til® tiitiiiiWBter «h '^ li#a1»®r atrewi't® ®E®^pfe 'th# 
p®teati«wt0ri|. •faifif stl@o%.a* svri.tch6s, sal, tli© ti»r mm li®ii#©<i in 
tin© oablnet ss th® »iii» s¥itoIito#siil* 
A Watte dotttta |»0t®iii3J»teiPj mst gsatrallr usei f«r lieater 
m:pM. thSXWSWtW BBS8U$W@atS# Ifflg l®©atrf <ai tl '^ taM# a«Xt to "to.® 
md.tohh«a»i. It hai a rmge  ^0-f99f0^ir», €«» «a£t m, tit® laat 
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•dial A twlire-pifitlon stleefeor sMitsli with 
silTW.otataetS''roiitei wisas:• .•'§,t# '.th*^Wrf.t®.' •ftm 'th®' ^aaJii 
switohlHifiat., fp  ^ • itsiitiTitr ef '^ j^rtosat, la ths ^ up|®r • .aai 
l0W@'p .tesic^ds of "th® Whit®,, th©-a««j^e»nt MH&M IN Fl^»@ 3 'was^put in 
s@ri®» idth m&h. batt«  ^circuit, 
fh© Wiisisr ji»t®ijtifi»t»r| lAicii vm-. piEWfaU  ^ twi«  ^ tt  ^rs  ^tto wit-
ages #f th® direct ^iAmtmnm^lmi was ItoateA m •another tebl® nmk to 
th« Wiit« ptt©at4e®»'t®i? It hai ti» ran^ti Q».0.111110 yelts and 
O-O^OllHl T®lti» Th# <fe«to'e€ raagt w @J>taii»4 "W »@ttii3g ttie 
»»aa, 3sO,l« switch on p0t®atia»t®r»' fh@ twtlv©»p#aitioii s@l®otfir 
switch tm th® Weaasr wi all fh© isagiti-fitj eoatrol for •&© 
WsMOir .aM tfai@M coatrol oireuit in figjj^e 4 «as as«  ^ aloiag «ith th» 
stl®0t«r ®i(?ltoh to TOltag® irm th® »alii ivitchb©'ai?i t© the 
W@ijjwir or €is?©a!tly t® tlto , 
Bagh pgtsatisitostei' it# ©wa galwoasmstsi*# H^^hrup 
2285, haTljag a :i«iitiyit3r appx^laatsly »0032/<,a./»i, at oa® 
aster, Sh@ galTaamster i®a#titi©iw mm visuei Itofu#!!, «i2Gt®©»-pow@r 
t@l®seof®s, th© galvawttittr aiww-® a O^ICKX) m, »oal® irawa 
waiiiiao®jat wacisg poistr#. wicm ws ajLiMsaaatott .fxm TOMMS 
iXvmmmmii lights, Ths- malm mm i|>pr«l*tel3r 6,5 astsrs frcm the 
galTaa«®t®s»» Diff«?ta0® tharmooimple 4 ii<S' aot g© ttorot#! the Manner 
s@l©©t0r switch, hut «iit thrimgh an iyrtoa &mt aat -tosa t© it® own 
galvai«»it©r, ?jp® 2285. fhft itfleotioa oi Ifliis galimoi»i@t©r' was r«®l on 
a grenttii glass seal® at &m sister iistaiio® fr«i the falTaacw®ter» 
f iglir# 3 
•liiit# pawat eirsttit 
S©iisittTlty (mtrea. f©r' .aai. ^©M.lieater eircwit 
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fli® p'rooeSuTO outXiaai' alxsTO vm catried ••ou.t' •ot?w tk© ©atire .range 
to i©t©'ml» the gr#is -heat mpmitj ®f th© plus all 'Ua© ©siliaiy 
parti ©tioh as the theKeMsseter, heater, .oalori»t®r eaa, • thermocouple 
tabs, 9tc, fh© .aampl® tms iai®n reromi th© calorlMter-and the heat 
eapaeity ©f parti was <l®t@mi3Ei@d* • iubtractioa of th® h®at 
oapaoity ©f the aaslliaiy part# frw. th» grog#-heat capacity gave th© 
heat eap-acity of the ispipl©. 
fwo operators i#8re requtrai for th© operation of the calorimster} 
on® mie th© tamporattir© aM po»r a^asursaeats rfiila th® other con-
trollti th© ti^jeratura of ths ^1®14 ant th© floating ring, 
Miabatio Aieli oentrol 
In controlling th« tea^®rattir® of the oiiabatie shieM Tige was mad® 
of diff®r©ne© themooowples 1, 2, 3, 'md 4 to laeasure taaperatijir© iif-
fereaoes betwen the various, paarfc.® of the block and ®bieli and ring* 
i$m Figttr© 2 f«? plae®TOat of th©s® ^©rmooouplei.) Host gen@ral3y th© 
0,a,f.*® fr« 1, 2, aai 3 »» applied iireetly to th@ gal'yanwter tgr 
Majis of the switching sxvaxigmmnt ahmm ±a Figure 4. With s.m^f.'s 
being appli  ^iireotly to the galvanemetar a «#nsitlvity of about 
8 (Sa.^ v. was obtain©!, ^ich oorrtipoai  ^ rou^y to 300 cia,/aeg, at 
row tea^jsratur®, Th© e.,m,f, frcm 4 "wa® m a ground glass seale of 
1/6 the optical path of the other®, ani its sengiti-rity was, Iflierofore, 
oasly 1/6 that of th© others. In both oa®©.®, th© gal-ranoaetsr scale® 
Gouli b© reai to i 0,3 im» 
Th® goal of adiabatio shieM ooatrol vm to aaintala th© reatlngs 
of th® iifferonoe thermoeouplaf it z@ro» Siae© it was Is^osiibl© to road 
the ©,m,f*'f of all -^3  ^ diffsTOao© thsrmoeottples ani coirfa^ol th© hoater 
ourresits ilmultazi®ottsly, gem® preforeac© had to b© glmn to th© various 
on®8» fhe area of the «iie of th® block c^risei'7S per cent of its 
total iurfac© area so 1, tixlch naasuTi ,^ th© differoaoe la toaperatur© 
bftwsoa the shieM side mi. liie bloek side ¥a®' aliiay© rsaS first and 
follo»S most clossly during large ohsag©.® ia teaperattire of the shield 
aaS, blo.ck, fhe oleotrioal loais tetwea th# fhioli ani th@ block came 
out at th® bottoa of th© ^ioM to 2 mg giima preforeace, with 3 
btiag read ia®t and foUontd least closely, A ooaitaat ohoolc of 4 could 
b© laada siac® it had a separate galvaaMster. 
fh@ tsE^ratiir© of th® variotii o<»^«Kients of th® shield aad 'the 
rir  ^Mas ceKtrollod rajplating th©- emreat ia their rospeotiv© 
hasten, fh® ratarvoir, aoi its-ihi®ld, S ,^. «er©. squired to have a 
t«i^ratur© lower thaa th© shield and block to provid® a aschaaisa for 
•oooliag th© Ai©ld» Ibcpsrieaet was Ito p'satest guid© la Ju%ing how 
midb. to ehaag® th© heater cwrreati liisa the differeace thenaoooupl© 
readings mm off-jstro, ¥h©n larg© ohaag@s of heater euweats were re­
quired ia all tim ahitld aai ring heaters, auoh as at the -start or ©ad 
of a block hoatiag period, the variao# were us-ed, (S©e Figure 6.) 
Iiarg® cflmuges ia th© iiadivldu  ^ heater cuweats wer® produc®d by moaas 
of th© €©cad®- rosiiters, i&ll© waall individual ohaages were produood by 
adj'ustii  ^ th© variabl© r®slstc»i, Th® toy switch©!, K2> 
aoa-poraaneat iacreaios in l»at©r eurreat® aad Mi© toggle sidtch©®, %, 
1 1  
I  I  f  I  g-
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273 t© 300®K, ia a thiri 
Below 273^ » th© the wasuraaeats mm ia good-
Bff'B&mat f&r the nans uiing th@ iiff#r@at »frl«@rants« Th© tei^ratta-e 
as-ift ®f th® block itt© t# la^trfeet aiiabatic eeoditi^as m® sdaut© • ia 
beto 0ss®s,, but w.i a fact» &£ 1.5 tt 2 larger 3  ^fes case of liquid 
aitrogea wtr th© tolii ©arbta disjxii®- bath,. It was aeitti iuriog the 
iroai, hjemmTf that tti# pressm  ^ ia the» tmm motain ^steia r©®aia®d 
lower at th© highest t0a!|>®ratw#@ ia the mm- tii@n a liquid nitrogen bath 
was u»®i, 'fhi® faot, «1  ^Tijith th® ge««l«r Bern in miJm llquii nitro­
gen, r®.@ult©ll in th© oheia® of liquid nitrogen, owr »olii carbon iioside 
as ft »frig©raat la thi« rsi^#.« 
M&tmm 273 md 300®!.# ths irift rat®# ia® to non-aiiabatic eonti-
tion® for th© run® uaiag an ice bath, itlii ©arboa, <lioxi&, aai liquid 
nitrogen mm ia th® ref^ctiv® ratio of 2i3t4» the sbsolut® drift rates 
mr® apprcEK,laately t0001®/»ia» t® »0002®^ /jBin» in this iwig#e Up® Gwsi»^  
paring teat oapacitios .fr«i thot® irariou® rant, it ms fom  ^^t the 
runs ming ioe eM liquit nitrogen for r©fr%@r«sts agr©  ^-resy wsH, 
vhH® the run using ®lil€ earboa tlo^ife gam slightly lowr results* A 
Iffoasuip® in th© f.yt.My vasuuat g^#t#a iraj nottii- "^©n th© solid car­
bon ii^ili© ¥aj u» ,^ 'Aicii aay b®'. ,a roason far th® slight'iisa^ewaent 
in results# fh© eh&im of rofrigoranti in this rang© M&ms  ^ to 1» eithor 
liquii ni'ferogsn or ic®. If a. run wsuM ha-  ^ to be iaterruptei. to chang® 
refrigerants, it would. b@ b®.t%0r to us© liquli .nitrogoa up to 300 ,^ 
Othorwi®®, th© use of ieo would bt m good a choie® du© to its ©conoa^y 
«sa ease of preparation. 
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faliranoatter im th© wat Uiie^lr intei*-
l>€silat®t t0 til® ti» the iftsiJjig %hB lOyU-v, ^mam tatoa., 
fh© 4ijK@3?®ao« l^twea th© tw© galira£«»»t«f i?«ai4agi at this tliie mm Ida© 
»@ii9ltivitr in m»/lOjvf, -fh# teasitt-rlti' w iifftrmt 'for tbs mpiotts 
©JjpeuitS: -axtefaal to th# l&lt© ani ehaagti iwiag th®' rm i&t eaoh 
elsfctiit m a stnsltlirity usawaweat ms Mi© for taeh a®a«irei quantiti' 
ab«t 0t&rf 9$Mh. ietefmlaafcioa, 
Siw© both th© resJuteaG© ®f "ttiwttM®t«3? aai its ii0® (chang® 
©f 3f®iiitaiie© iri.th t^per^ttar#) hteaoe at %&mie teafitfatar®®, the 
ttomPM^r e«3»®at t#ai' i»r®as®i £!•« 3, «• to 4 *• fe '^ i©temljmtloas 
balw 50 oir 60® ,^ fhi® iii<»tas® la SBWSjat .caasai an tn®?®as@ ia th® 
ifrr •!! iMi •• -gti n«t ^ Mb Tifc iirt 1lli*'iiTii>' jriiirBfrifc Mi Tr itii liinfc Ai. T-.^. . .^. ,T|L liT laiiiiwi aifc la •• M>i •einfc-.^te •! MTfc aT •> '•iWB jiTi MfcHfM 
of t«B|»ri.tu2r® »asi»«M®it» fh@ hl#«? <»i»ffiat ms mt us  ^
at ts^pei'tttwes l»caws@ th© f©W8i* Slssipatlcm In th® thewk^astw 
I w r t f t f i t m i t i l a f t d  8 8  t h ®  ' t i i s i w E i e t K ?  i ^ ' S l s t a E e s  i a ^ s a s ^ s d .  
th® iata mmmmw £m pmm oal<?«latie» mm 1, ^ 0 v®ltag® toop 
aero®@ a fsraotioa of the ir^t b« la  ^|>«®il«3. wt  ^ h«a,t«, anS I, 
th« Ttltag©. i^mp mrmsi a. p©sJ*t» to aei^«» wi'fe 1^® h«at©r, Reaiing® 
^ ^ J9' u. • •' ~ -. ... JL -L, ^ -1.. - - -.— - - JL. ^ — ./>- *9 ^ Mjk4i 4l( irt HHWIfcTi !• ^ llik Wik > ^Ofe ..A 0ii 0JP>  ^  ^ 0(X X ESJUSS3lw  ^ vXt0 Oi,0OJC 
heating |>®rio«l. TM pt^e^ur# for aiapus*  ^B ®sl. I mM stoilar t© that 
tt#©i for % aal %. . S#asitivitl#s mm tate-at to 1&® »«s mmmT mA witii 
ahottt th® »M6 fap«qti@a€  ^ m im % ffld % realiisg#. 
fh® asaiMEwettfe «? the tin© of th® hlook htatlag p©3?ioi aeaslstei 
of setting th® iiitls m  ^teaA ©enfer®! tmit of -to® ©lock cirouit for 
34 
%Ii0 •frfi'Wft istsspral Swttlttg ®a "tiis %ia»S'» Swialiig' <si th® 
tlapr' #iMpfe«i laatiug e««?#at aal. after .tli» desired matoef  ^
.^ ek^^;§. hst  ^ e2,;^S#4| tilS tlSSr tY»a'fe4ng 0ia3?®ltt WSTO 1y 
Attt tff• 
f astwis aatwiug iMs the ®h®i®e  ^a feleok haatlag euweat mm a 
ufc im iliiiHi»»» tm •••> Jt .iMmeil* — -—• "• •^— JL%ik *— - -»*- -J* — —- -a— -"--Mih m JH - • ^ iW' i> ^ ift Mij- n. ^ A A'l f e0Bif©ai.@iit WM  ^ mnssg p@i?3.w axm a wsispaKi# at triaai 
t^pi^atwr® i^tosii- laltisA ta^trsfew# «f a Tim ataJiKM 
tia» ia yeliaWL® ,aiitifflr«iat» tf tl» pumw ©©ttii to®. aai@ mm 300 
^^0 3BilScSsP3  ^ tji^0 a t^li® 
Ml «» fa -aih «> tH ^ —- A •tiirtWi'Uffimi if rt «n nr> A ^ m w *9 irlin ii ilfi i^f iiian/iiYfi% ^ •i»%m Tm nii i itlr iff' inni tu — .—^ Jt- manM-mt SdiHSim ias^ttWiJiafiOTi^ i$Bg# #»© ©jiliiiBa® i®i5gili ©l %&& a®at»ljig j^fioa IiIqs 
imm,. to 6C*) .s#a«Bis» Wm a«s«2. fetliETi  ^ ©f tlie li©-at capacity th© 
Af ••» wi» gftpwKimtftly to P9W mw  ^ tf tli« a3j»^mte tsa^rat-ars lap to 
4C^E, aai £m® %3 to 4.5 i®g?0«s "b®tw@ii 40 ®»i- 30WI. Wa®n 
afeawsalities la 'tt» lieat eapaeitjr »» tsosmteafsi, tto Af''s mm 
ii®e»aa«#« iia  ^Im^^r inteyvsls mm mm s<a«r®ai,»at|, sew 
ltet@in^jati«» mm aait Af»# ef t@ mmm <i»gmmp axd tli®s® 
gave ®a£0®ll#iit ftgfftMffi.afe 'Wl'Wi iftli&S' "falasf, 
f ©It te a®!© .8«efc timt I maAMg wiJLi te is tlte 
rmgB itm 70,000 t® 90,.TO yuy, fer th® larg®ft ©a»«at« 1» %h& inm. 
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fresfetent • Data 
FMMT&TWC® 
file.' fi3»st sttp 133. tlw- tr@st»at: of tto- thsmwtti'' 4ata m». ^ •0. G£tX**' 
culat® th#- oQHreefc voilta .^ «£• eseh % m& % rf^tiiag, t&© f«^wiag 
fomjlMi 
% « %ini -«- galvanometer - check (1) 
sensitivity (am^ iJlO/Gr,) 
lu « galvaaometer « olieck (2) 
sensitivity '(cffi»/io^  " 
%Ai©r® and loigQ^ g ® Ifliite dial settings for a»S Ig 
galvaiMffl^ter « deflection of galvanwttr im to mbalanc© voltage 
. •• of Itoit® 
ohtok t • c^eok 'leading for that p^tioilw % &r % reading 
aaasitivity th® galvanometer sensitivity deteaiined fm Itoe 
rtspectiv© qiiantities being aeastij^ d 
Sittoe the % aut Ij| war® istssteinei at diffarent tlats,, plus the 
faot that they mm not c©astafflt,, it wai mem&my to Mterpolat© tiie 
values of msMn^& to th® ttw iftbia % .t^gyiings mm taken, fh© 
I|i readiiigs we® interpolated toa®age 'CtaB to oSreyit defllga) -Ujay 
changed mm slowly -ttian the i|| TOalingi* 'fh® J^sigtanoe of th® thef**-
SK«©t®r at the ti». of ©adh, S|^  .reading ms •&,#» ealotiLated fr-<Ma th© 
relationi 
% • % (3) 
iM&m % « resiitano© of tto th^EMwter 
% • resistance of the staaiari- In series irith the therjiOTeter 
2 
r 
& I t 
% 
I  
I I  
f  §  
f o 
f I  f 
I t ! !  
I 
i 
1 1  
o 
p. 
I  f  
I 
S 
f 
f  
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fit®, •rorttis- »iiitaaei tali.© to abof© was pv&-
piswS. Srm taKLts aM s^st&ata soppiiei. feiie this th«itt»t©r Isgr the 
latisaial iwtioi ©f Sta^tots# fii® r®iift«iet. mm giwn i&t • ©adi 0,1® 
betwssa 10 aiii 90®I. aafi fm mmh 1».0® bstwsen $0 aai 375®S. fh© 
ffl«laaa @»©r Sus to lia®«r latei^iolatim &mr thti® .iaierral® wa® iwp-
pesti ta.fe® ±','Cm%. 
fli© f.Ij-st fft&p Sm ©iloulatioa of pems  ^ was t® oalcmlat® tte mvmet 
-vQlt&e  ^ for ©aeh S aai I »«iiag %' usJte® relatlems siisilar to (1) aai 
(2)» fto S msMsaga mm mm ^talsl# •^iaa I reatoiga so th® 1 
rea i l ags  mm i a t « i ^©l« t^  t o  t l i #  t i s s i  o f  t he  I  m&SMgs, f l j®  pmor, V ,  
WM "Wi«i ealeiilatei. at tb© tJae ©f I rt-sdiag % tii© rtlatlont 
w • CV% - s/^a) Cs 3£ &3/B2) ' (5) 
•Aere 1 • T©lta|?8' mmm » fraetioa of •Mm wit bes: 
I •> Toltage irop -aer®®# a 1 0bm stemAaM. 
I| « reelstaac® of th© 1 «&» ataaiart 
&2 • resiftaao® of that part of the folt box across "i&ich S m.§ 
'J? toiai TOS'lataae© of volt bm sM l«iis ljt parallel wi'tei tlie 
h®.&t@r 
fii© .t@xm •M/^2 ® ooireetioa for tb# eiaTsat liiicto goes tliroa  ^ th.©' 
volt 'feisc iaattai. of throng tli® li©.ater» 
fecb'^ isiw liWitstlfatiais war® «»i» ^iiarlag tli© 04 aoqperJasat m the 
|j®st to oalcialsi© Hi® &mr&g@ pmmr .©f a fetsmlaatioa trm iralues of 
%lm psmv at Tsopious tlais teiiig tii«fe itteBaiiiatlOB. fim rtstiLts of 
38 
thts© torastigfttleas &€*»©€ tlmt th© aalMt ©rrw ia ^0 o.aleulfffcioii of 
an awjfag®. p&mw, if it mm asiimi to h» s&aagiBg liaaarly turiag •&© 
heatiag ijerioS, wuli ^  *003 o©»t» ' la -ali^st all of 'the caset 
mmdmAf th® ©rror was- !«»§ tbaa #OMl ptr e©iit, Tl» powsr at tk@ mid­
point of th© .h#atiH® psriod mi,, thej-ffoir®, usei a© tli© smragB pmmT for 
ttiat i»t«®ii»tioa. 
* • • flcm l»at Inpab, AQ, fco- Si© hsatii  ^ptrioi -was found %h& 
rtlatioai 
jottles (6) 
» powr in mttfl at th© tei#»potst of th® hsating ptrioi 
t •» tim of power input ia ss0«& 
H®at eamciti- oalo^lgtioM. 
fh® mm gross heat oapaoity,. Og , for ea<A a@t®3?jaimtioa oa the 
hlocl: pltts ajailiaiy psrt® ms oaleialatei ivm fe® r©latloai 
cal./aeg. (7) 
FX 4,1840 
Th® factor 4.1840 ia th© dtnoaiaator m® neeessaiy to convert joules 
(watti X ssooMb) into themooheiaical oal©rl©»» 
For eaoh ^©temlaatioa, the mean heat capac-ity of th® auaciliary 
part® va® fouaa relation (9). Th&m values mm -plotteS and a smooth 
cttnr© wai drawi throijg  ^ 'too poiats* &om this curre It ms possible to 
obtain th© mean heat capacity of the atixiliary parts cojrresponaing to 
©aoh temperatiar© of th© mas. grosa .heat oapaoity m®astir«TOnts»: Th® heat 
©•apacity of th© sample was then oalottlat@4 fr®a th© relation! 
It 
• -QPM * % eal. Cg. ($) 
•|fct» • mean biat ©ap&elty ®f -tti# #a^l© ewf tht tes^eratur© .raag# 
of Og 
sBKiliajy pa3?t« «fe mm of Cg 
a-MBi •mi'* •«-» 'fflia ' nifl irh f .ate.dK 'in iirrmi>««^ » fflfflWf @i aois# ©i ®ai^® 
fh® ©f Sp  ^o©til4 to thwilit as "tti© valiii ®f C^plj  ^ actual 
lisat eaf»eit|- at iSi® mm t)i®^ratT»® ©f ietamtrntloa) If Op mm 
't© wy ll»arly with ta^efatw®, 1 fi»imda ieftleps  ^
Q^b^ne «oi et-wtafters-^  ^e<w®et# 1  ^mlm mi to this 
£&MML6. is I 
[^1% • °p-» - ("1  ^% - (t  ^TB "M— ' • 
itetr# CSpif' true value of toat  ^ ea^aeity at mm t«i>@ratTir® of 
® deteminaticm 
• E£»LZS» Bi®an taaperatijr® tf determlaatim ia Aieh 
2 Tf aad uers fin  ^and initial tsa^ratwes 
tepreedaatiow  ^ ©f f^ r^s \ mm -sfeet-alaiA ty ©Tslaatiiag / A.%p«.ai\ V At^ /fm 
vau.. ^  0 .^ 
y>f.g|.|g|h|# ia qii eases* 
®if e©ri*®otl0»s foy tt® Tal»®» ©f Cp«,|a to gim C^plf^  ^ th«rliaa 
w©» a®gl%lM® «btrw 30%, aaft tasaat  ^to, at aast, 0*3 |>®p eeist tolw 
30®K, Far gaielialtKB tli® «sr®ctlcm» to ••tlir@© wltii®s mar tli© p©ak of tbe 
aasmlj sseuatsi to  ^ s^iut a» per easfe, fotir »» Talu®® bad 0.1 to 1 |}®f 
mtA oerrt^otiw, %im »e»t li«t asgll^lfel# o®i»otiejia. C^creotioia 
te »m6 ©f tl3«' trMaa «lu®» Isslow 2C^t aaioaat  ^ t® two per c®at. 
I. J 
1 Hf-O 
I I  
I 
«• I I 
I i 
i I 
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^  1  i I 
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. f a n c t i o n ® ' t a f c e a  f e r n  t i i i s  c t a r t ,  
?altt00 Qi Qf At rmm tex^v&tw^® were oWaia&i tli© theiao-
(fynaaie r#la1iioajiiipi 
Qp  ^ Q f Tf o(^//3 (10) 
iifti®3r© f • t®i^®r«fear® #f tiie caleiilatita 
f « TOlyaa® ptr ,©FSfla &tm 
oc m G©sffici@nt of etibleri ^anilsan 
Y 
 ^a vtjlme oospresslMlity « f 
WalmB of 6p - Of at tea^ratw®® o< sa? (3 mm not Imowa eouli b© 
27 fount irm the ©JipirlGal wlatlonsiilp 4m t© lemst a»i Lixximmm i 
Gp - O-y « A 0^5  ^ f (11) 
T5h@r@ 1 is a omatmt* 
fhemodimaitd-ft ftmatiQay 
fh© f®ll0wti  ^ relaticma the «i«*ao%naido fimcticmi at 
T@MPBR&1IVIR®T 
S® - s| • J  ^ M <12) 
o f 
-AQW M have assuMi ia all cates th«t S® « 0» 
H® - eS « [ ^  Op® (13) 
'o 
!l::J!l. . s Ci4) 
1? T 
Th@ actual svaluatioa of th© above integT'alg was acoompli^ed wi-Ua th© 
aid of Simpson*® "1/3 3nil®« of nuiaerieal integration# fh© temperature 
.intervals us®i for th® nusterioal integrations varied fro® 0«1 to 5*0° ,^ 
s 
4  ^
ft » 
& ® i i 
Cii 
o 
& 
3 
1 
1  I  
i I! 
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fam© 2 
IxperiMntal valuss of 0p f®r th^^ioa, eal# (g. 
Ai-eaic • 232.12 0®G« • 273 
M®an f («I.) App2«i0X. Af 
Ifeaa f (®I.) Appirax. Af 
Run 1 
79.51 3.87 5.123 194.53 3.96 6,198 
33.35 3.80 5.a? 198.50 3.95 6,213 
S7.13 3.74 5.295 202.44 3.94 6,226 
90.85 3.70 5.358 206.37 3.93 6.242 
94.52 3.66 5.409 ao.50 4.33 6,261 
98.16 3.62 5.461 ^4.82 4,31 6,276 
101.77 3.59 5.506 219.83 4.30 6.ao 
105.34 3.56 5.555 223.42 4,28 6.315 
108.89 3.53 5.596 227.69 4.27 6.327 
112.40 3.50 5.638 235.05 4,24 6.352 
115.39 3.48 5.674 239.29 4.24 6.359 
119.35 3.45 5.717 243.52 4.23 6.369 
122.79 3.43 5.748 247.74 4,21 6,388 
126.22 3.41 5.780 251.94 4.20 6.399 
129.62 3.39 5.813 256.14 4.19 6.413 
134.17 4.23 5.847 260.33 4.13 6.425 
130.39 4.20 5,880 264.50 4.17 6.438 
142.5s 4.18 5.9U 268,66 4.16 6.454 
146.74 4.16 5.939 272.82 4.15 6.459 
150.89 4.13 5.972 276.95 4.13 6.483 
154.1  ^ 4.12 5.990 m.08 4.12 6.496 
158.29 4.10 6.021 285.20 4,12 6.499 
162.38 4.<B 6,041 289.30 4,10 6.523 
166.45 4.06 6.062 293.40 4.0? 6.530 
170.51 4.05 6.CB7 297.4B 4.07 6,556 
174.55 4.03 6.102 
173.57 4.02 6,127 
182.58 4.00 6.143 
186.5S 3.99 6.162 
190.56 3.9s 6.181 
45 
2' IOMTIMMD,) 
MM ? ' ippy®c. . 0.U I^leaQ T MPTMIT- 0« 
(®I.) Af ^ (OK.) At 
itel 2 
5a.42 3.78, 4.451 
61.89 3.65 4.603 
65.AS 3.54 4.738 
63.99 3.46 4.845 
72.41 3*39 4.939 
75*773 3.33 5.027 
N,M5 3.27 5.109 
S2.323 3.22 5.191 
3 
57.70 4.04 4.420 
61*66 3.83 4.599 
65.48 3*76 4.739 
.69*19 3.67 4.a64 
72.83 3.59 4*954 
76*39 3*53 5.046 
79.99 3*46 5.136 
80.74 4*06 5.155 
i4*76 3*99 5.245 
88*72 3*93 5.322 
92.63 3*88 5.333 
96.49 3*34 5.437 
100.31 3-*ao 5.489 
104.09 3*76 5.535 
107.84 3*73 5.583 
111.55 3.70 5.627 
115.24 3.67 5.667 
122.91 3*62 5.774 
126.51 3*59 5.783 
130.0? 3.57 5.317 
133*66 3*55•, 5.S46 
137.20 3.53 5*867 
140.73 3.52 5.sas 
144.24 3.49 5.946 
147.72 3.4s 5.951 
151.20 3.46 5.992 
154.65 3.49 5*998 
153.10 3.-44 6.016 
161.92 4*20 6.045 
166.12 4*19 
170.30 4.17 6*085 
174.47 4.16 6.105 
17S.61 4.14 6.125 
182,75 4.12 6.147 
186.81 ;4*5f 6*162 
191.39 4*57 6.184 
195.95 4*55 6,204 
200.49 4.53 6.22a 
205.02 4.52 6.239 
209^*53 4*51 6.252 
214.04 4*52 6.232 
218.53 4.47 6.289 
223*00 4.46 6.307 
227.45 4.44 6.327 
231.39 4*44 6.335 
236.32 4.42 6.34B 
240,73 4*41 6.367 
245.13 4.40 6.378 
249.52 4*38 6.399 
253.90 4*37 6,413 
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Sabl® 2 CCmtiEMei) 
Mean f 
(®K,) At % Mean 2 (°K.) IpprcK.* Af Cp 
25S,63 4*36 6.418 Sua 5 
262.45 4.02 6.332 
266»64 4.36 6.41s 13S.79 3.02 5.S37 
270.97 4.31 6.4S3 141.87 3.13 5.67d 
275.28 4.32 6.466 144.93 3.00 5.927 
. 147.92 2.99 5.954 
279,59 .4.31 150.90 2.97 5.9ai 
233.89 4.30 6.492 153.38 2.96 5.995 
288.13 4*29 6,498 156.34 2^95 6.012 
292.45 4.2a 6.510 
296.71 4*27 6.522 
i?iai 6 
4 275.43 4.27 6.471 
279.69 4.26 6*437 
16#15 1.^  0,694 203*95 4.25 6*497 
18.97 1.75 0,984 23S.19 4.24 6;. 503 
21.39 1.92 1.255 292.42 4.23 6.519 
23.»57 2.11 1.593 296.64 4.22 0.531 
25.83 2.36 1.906 
23.37 2.72 2.215 
31.11 t.77 2.5C4 
34.05 3.11 2.815 
37.22 3.23 3.120 
40.44 3.19 3.392 
43.58 3.629 
47.06 3.35 3.066 
51.10 4.24 4.107 
55.24 4.03 4,322 
59.19 3.87 4.501 
20 
25 
30 
35 
40 
45 
§0 
55 
60 
65 
70 
75 
SO 
B5 
90 
95 
100 
105 
110 
115 
120 
125 
130 
135' 
140 
145 
150 
155 
160 
165 
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fabl® 3 
l@at oapacitj' ©f tberium, , eal* ieg.-l (g, 
At«alc migW m 232,12 0 ,^ « '273,16%. 
Cp 0^  f®K ,  Op  Gv  
1,106 1,106 170 6,C®3 6.039 
1,3m. l.SOO 175 6,1C  ^ 6,f^2 
2.397 2,396 lao 6,133 6,CB4 
2,910 2,899 ' 185 6,155  ^ 6.105 
3.355 3,352 190 6,177 6,125 
3,733 3.728 195 6.197 6,143 
4.048 4.042 205 6,217 6,161 
4.309 4.302 205 6,237 6,130 
4.529 4.520 210 6,256 6,197 
4.723 4.713 215 ' 6.275 6,214 
4.878 4.866 220 • 6.293 6,230 
5,011 4.997 '225 6.310- 6,245 
5,132 5.117  ^ 230 6.330 6,264 
• 5.231 235 6.347 6,279 
5,342 5.323 240 6.362 6,292 
5.415 5,395 • 245 6.379 6,307 
5.482 5.460 250 6.392 6,313 
5,547 5.524 255 6,407 6,332 
5,607 5.5S2 ^0 6,422 6,345 
5.664  ^ 5.637 .^ 5 6.437 6,353 
5,717 5.689 270 6,453 6,372 
5,767 5.737 275 6,468 6,385 
5,315 5.733 230 6,433 6,393 
5,857 5.824 235 6,497 6,410 
5.893 5.860 M 6.510 •6'.421 
5,931 5.894 295 6,524 6,434 
5,965 5,894 '293,16• '6,532 6,441 
5,996 5,956 300 6,538' • 6,446 
6,026 5,984 
6.055 6,011 
w 
Form E-5 
M 
t«i^ yat«re I^M 1S-2S®!* fte ©Isotrsnio htat oapaeitj iraii as8UB»l 
t© glf® a E©gllgibl© ie the 0.|p fainti in this ran®®, 
]&i faljle 4 himsii^ wmle ftoatisas, a#, oalealatei ©valuation 
^of sqmilffla®' (12):j (13), ani (14), ai?® lietti, •5Ri® vaiiiss of tisei 
f©r tti© lategratl^ . talwi IRM  ^^ aasotli ottjrv®. 
fa%l@ 4 
a#i«!s%aaffllG functionf &t tteim 
e ,^ Cg# 
"(y  ^- Hg) 
F T 
20 0.410 0.304 0.10& 
50 2.T?0 1.801 0.f69 
100 6a35 3,369 2.766 
150 8.460 4.m 4.296 
aoo 10. a5 4.648 5*567 
,250 ii*6a 4.9S0 • 6.643 
MBM 12*7€0' 5.220 7.540 
300 IZ,M 5.223 7.571 
s 
% 
T 
I I 
I 
¥ 
I 
1 I 
i I I 
N $ 
4» 
t 
0 4S 
1 
i 1 I 
+1 
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©f a0a««j»»sl wm t&owghi %& hmm m ©rr» #f 
i O.OCa®!, fwna Tmm iem t® altol 30%,- iMtii iam?eas@i t© 
t 0.,02®S, &%• Um% «felata@S f^m •feb® smooHi ownre 
mm tlieii^ t te aedwat# t® i 0»1 4®«a to 30®I, .aaS %& 
* 1 m 2 -pw eetst at 15®I, 
Gaiollsi'iai 
i«teialiiat±0ss ®3?s giwa i^a Table 5» 'fh® toIo®® of la table 6 ware 
ta&sa f^QE a gwiflgrf'.'h ^eaifro •fea'W ttep®ti^  th® i®is©i"&®atal Tsdliies 'Of C„ **w«» «, «p«»w WM. .m*» W«WW,W  M..« «««. WW W - p
'iiai b@©a e«i?aot»l %• ©qaatiea Cf) f» »«a-lii»€a'ity. Figar© 8 
#i®iia a jlirt <af thig 
&tra|>®iatioa of Op fern 1,5- 0°K« mi a«e«|}liito©€ "by as i^ag a mi»is 
(Of % «• 152 .ia tl» Itelr® ©tmtlea# 'Si ©Ijtatela® the Talw® ©f %, an 
att^^t wm wA t# f«pamt©' laitlc® a»i the el@otr<«iic 'h®at mp&o-
ltl«# ia -ttie lowist lasa^aiwsat®* At a faffisleafcl^  Iw tMipsrstar© th© 
lattio© ht«t s^aeitf oaa l»i aji®«a»4 t© m aad th® lattio® pltii 
@l©ot2p»i0 h@.at Q^seity &m M r®pre@@atrf as G-  ^  ^Sp « 
1, l^©t 0f T#S?®M -ttieii jpwitf oaloalatiott of ooeffi-
aldst  ^• Af pllestlm thxs a®th@€ t© l©i#est taip^mtui^  result® 
of g'aieUftiiM gmm fnlm» ©f ^ mm cerfealaly t©o high, so it mm 
mmmA -ttiat th© t^ pfif&ti®©: ©f th« r«salti wm mi, Im ©iM»ugh to 
Jmst^ iff -Ih® f3 lattio® h««fe e«pi«ity atsui^ tioa, fh# test atthod. ©f 
ap^wisstlen, jie®^€ to to th© iralus of f^f 
gMeltaitiffi wai th# sai® m t&t Xms&smmf  ^ ammly W x 10^«, Aftw sub-
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faKi© 5 
valttss 0  ^ tm gaitHnluia, oal« (g» 
A1i,«ilG wight » 0® ,^ " 273.16%. 
M®aa r 
C I.) 
Ipprox. 
af. % M®aa f ( I.) IpfTOX, AT, 
Rim 1 177,67 4,29 8,258 
58,57 5,26a 
181,94 4,25 8,324 
4.52 186.18 4,21 8,394 
62.97 4. a 5.542 190.36 4,17 8.466 
67,16 4.10 5.792 194,51 4,13 8,538 
71.19 3.97 5*963 
75.10 3.S5 6,135 198,62 4.09 8.613 
202,69 4,05 8.693 
78.90 3.75 206,72 4.01 8,7ai 
82.59 3.65 6,431 210,87 4.58 8.856 
86.21 3.57 6.559 215,42 4,52 8,953 
M,I5 3.51 6,664 
93.24 3*46 6,754 219,91 4,47 9.04s 
224.35 4,41 9.164 
96.67 3.41 6,835 228,74 4.35 9.265 
100.52 4.^  6,92S 233,08 4.30 9,380 
104.7S 4,22 7,025 237,36 4.23 9,512 
108.97 4,16 7.111 
9.640 113.10 4.10 7.194 241.57 4.1s 
245.74 4.12 
117,18 4.05 7.278 249.83 4.04 9,945 
121.21 4.03 7,347 253,87 3.97 lO.lCB 
125,19 3.96 7,413 257.84 3.90 10.299 
12S.69 3.92 7.475 
10.74s 132,59 3.88 7.539 266,31 3,73 
273.60 3,56 11.251 
136,46 3.85 7,601 279.62 3,39 11,775 
140,28 3.81 7,656 282,95 • 3,2s 12,36 
144.08 3.78 7,725 205,41 1,66 12,516 
U7.a4 3.74 7.786 
1,63 12,791 151.57 3.71 7.S31 287,05 
288,65 1,58 13,14B 
155.69 4.51 7,397 290,21 1,54 13,565 
160,18 4.46 7,974 291.75 1.56 13,383 
164.62 4,42 8,047 293.54 2,05 10,048 
169.01 4.37 S,122 
173*36 4.33 8,189 
53 
fabl© 5 (O©tttiau0ii) 
Mem f ( K.) Approx* Af Mean T (  K , }  Approx, Af 
295.67 2.23 9..216. 
297,93 2.31 8.878 
300, M 2.37.' • a.637 
302.64. 2.42 8.457 
305.02 2.46 3,296 
307.49 2.49 a.177 
309.97 2.51 S.103 
312.49 2.54 3,001 
315.03 2.56 7.944 
317.59 • 2.59 , 7.S27 
Itttt 2 
• 15.10 • 3.59 0.467 
IS. 00 2.22 0.754 
19.96 1.69 0.989 
21.51 1.41 1.189 
23.45 2.47 1.453 
26.05 2.73 X,.8U 
28.*66 2.49 2,177 
31*30 2.79 2.537 
34.28 3.16 • 2.944 
37#31 2.91 3,326 
40.19 2*85 3*654 
45.10 •• 3.45 4*175 
43'.43 3*20 4*438 
51t,54 . , 3.02 ' 4*752 
54.48 2.87 4*979 
62.89 6.44 5*542 
lun 3 ' 
274.43 2.21  ^ ^11.284 
•276.44 1.81 11.474 
278.42 .2,U 11.637 
280,54 2.11 11.858 
282.68 • 2,18 12.119 
234.61 1.68 12.384 
236.27 1*65 , 12.635 
287.61 1.08 12.873 
238.70 1,06 13,121 
239*74 1*04 13.410 
290.66 0.82 13*681 
291.47 0.80 13*850 
292.30 0.87 12,782 
293.28 1.08 10.229 
294.39 1,15 . 9.586 
295.35 / 1.78 9*211 
297.95 2.46 8.831 
300.43 2*53 8.627 
303.90 4*83 8*368 
303,78 4*95 8.132 
313.75 • 5.04 7.970 
,318.80 • 5,12 7.834 
323.90 . 5.18 7.731 
329.05 5.22 7.666 
334*24 5.26 7.600 
339.47 5*31 7.512 
344*74 5*37 7,421 
Run 4 
337.33 5*15 7.482 
342.43 • 5*17 7.454 
347.54 5*21 7*378 
352*70 5.24 7*323 
357.82 5.26 7*287 
5i 
Tabl® 6 
Heat oapaeitj of gaaollalm in ,o.al« deg#"*"  ^ (g» atom)"  ^
Ataaic •weigb.t » 156.9 QOO,. « 273..16®iC, 
Cp f%.. 0  ^ S®E.. Sp 
11,0 0.456 
20 0,995 
25 1,6  ^
30 2.363 
35 3.035 
40 3.632 
45 4.160 
50 4*627 
55 5,. 012 
60 5.361 
65 5.670 
70 5.922 
75 6.134 
go G,331 
85 6.520 
90 6.670 
95 6.796 
100 6.9U 
105 7.0  ^
110 7.134 
115 7.235 
120 7.3a 
125 7.417 
130 7.499 
135 7.577 
140 7.655 
145 7.734 
150 7.813 
155 7.893 
160 7.973 
165 8.054 
170 8.135 
175 8.215 
180 8.293 
185 8.374 
190 a.458 
195 8.547 
200 8.6U 
205 8.738 
210 8.S42 
215 8.944 
220 9.051 
225 9.170 
230 9.299 
235 9.440 
240 9.592 
245 9.757 
250 9.953 
255 10.168 
260 10.408 
^5 10.673 
270 10.979 
275 11.349 
280 11.302 
2S5 12.446 
290 13.468 
as 9.402 
300 8.667 
305 8.316 
310 8.CB6 
315 7.926 
320 7.805 
325 7.715 
330 7.650 
335 7.586 
340 7.499 
345 7.4X5 
350 7.350 
355 7.309 
•rt 
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S6 
tl» »l®etr#aie free f^a<  ^ ©f •&# tla?#© leweti 
tft-fetiaiaatlw, values of ej) » 152, IfO, $M 10 mm ©fefe-almd,. f!i® 
F^M &T 6^9^ 152 was chosen. Thiis hisIt* MT  ^la IMMT thaa, vaCLw 
trm & »u»i la $am 
.®f 'ftm «a3Fa tetals.^  ^ vb1i»s obtained from the- tewai wloeity 
,siiaw®«»ata mm lanthanxm 162, galteliaim 1%, 
#fMw IfQ. It- is wH kmm that vilt»» at  ^eWjaiteii fcr va3?i<mi 
»®th  ^i® not n^ceasarlly agree, m the differeac© in th® % for gaio* 
nini^ m o1j|atae4 Ijy tlia |.f: a@t alssrelsg* Stao© th# S|j valws 
mm &f i^atwest mainly t® pwdict therwa |>»p@rti©», th@ tt»® -of tii« 
maCLws »jhaa*)y«i. -aesstju^aagnt t^ em  ^ soniafl, velooitl^ s 
The appl?«liaately lin«ai?' £aor®«i«. in 0p "sdMi at^ «io 
mmk§T a|rt#i in the sound velocity jaeasRwatetg- ««d.i s®m t© juitify th© 
^ >H' Iiirn TTtn-lift i Itiilfcl - •- H jSiM Jf M ^ A • |i| jiff ^4£p ••^' idLu%mt fi i>i ^ I uMir ^ •• i« 
® v^0!1PI!il3L33Sw 
Tslttifi ®f % also increai® IJiaeai'ly - t^h at«io nsaiw. 
Ilie a foaetiess is Table 7 w&w oal-oulated "#iy>g t®1ws 
Of hmt ei^ aoity tatea trm 1i» o«m ani- ©qmtioni (12), (13), 
AM -fli). 
fh«- .ealctilatim. ef - Oy entailed th® ft^ lowing data# 13i© iio-
tlMHWd. oiaEpmssibility, (3 , mm ltet#i®iaed Ir t# Im 
2§ S icr"  ^ MT^/KG, at ro«tt FH<& e@«ffiolant -of voliaa® 
scansion, oC , could inferrei %t 'wos'k of friaii® frnx., 15 
iaaSieatsi. 'Ih,®! tpm. -14-0 t# 2£W-« th« ll»ar ® .^aaai« ee«ffioisnt 
is afw., 'Etoir- ii^ leatiei. ^at ci. bsowa poiltiv® sad 
57 
f alsil® 7 
fteac^maio futaetioag of gadoliaat-ua 
O^el, %g.-3. at£»)*^2. 
f®g. s® ... 8§ 
F 
~|f° - It) 
f 
15 0.155 0.116 0.0  ^
50' 2*W7 1.875 0,922 
100 6,830 3.948 2.932 
150 f,»7 f,09S 4.769 
200 11,770 f.S78 5.Sf2 
250 1|,S» 7.275 
293 15.&0 1.2M 8,354 
298.16 .I.5t774 7.2^4 a,4fo 
5€X5 154^28 7.^ 3 S.535 
360 17.23S 7,364 f*S74 
•appwtiabliS 'bmlm' laii th#r g«f0 m- qaaatltatiw flgwe. Ib©w 
zm, ®®y ga-TO' o<« •• 8.3 x 10*  ^ 4a e©^aral3l« t© tt© othtr 
mm »aials. %• B«il8t©r, I.egv«i.i,, ansl. S|)0ili»gl^  cm 
til® •irseiati®E. .ei' •&©. lattio© psypiowttrsi, ©f w®»® 
«sei to a r@3.m •©£ o<. « 1 se ICT  ^ ieg.* .^ aai® 
Mmam, im^gmM, mA- m a »a l^# <&f gaitliaim. gaw 
eC oc raaglag, x at 2f®St. to S.O 3C icr^  
aH -170 ,^, 111® Ttsults of Trmh& -mei Feeoe mm met lseo«i» ©f tfae 
app?«laat®: fal»' «# Isaiiter, BM fptiSiag aai 
fewftttS®' it# questiomMe rolled of lariffii, I«©gr©M, aa4 
density 7.943, « deteraiaii 'If Hmm. m& 
•^ «3® iii% « ga*^ © sa at«£<s ir®lt» of 
19t74 cc,/g, atora.. The valu© of Gp - Cy cal«alat«^  4t ms 
0«034 ©al. deg,"*! (g, atom)"*^ , Siaca the rato®^  of oC m» mm bilow 
20%«,. -^alm «f 6p, •« % i^osii 'MM^ 'telsw 2(^#. 25®G. ' 
the i?®Xt» ^  $p - 0^  vary approEsimately %" the faet®^  f/298# 
She pp#9is'i,6ii ^  As s®'asuiwffliiitsj| a# ee^ i^ sseS "%•• the fis'sd.atioii of 
.Mk.' •IIIMUB^IIIII M> IfclH lilf •mn 'Ml aiillA^ nil'-— A- ililf ,r^ .a_.,A,tw' ,rt n -^-*-—"' -" "• w « " — • •— -• ^ £L 6K 
all ,^ isfe® mm wll within t 0,,1 ptr otat ©f to enrre, viMi «t least ' 
f5 jpei* Mat of the points within "t 0,05 pe:^ ' o®at| l»twi«a 6Q^ 2CX:^ » all 
p9iM». mm^  * §«1 p«r ©eat islth abewt 35 |«r c®»t of wlthia 
i 0«0f ceatj c»|.*«a 2CX3-355®K, all fto: points were withia • 0,2 per 
oeat. 'wll^  ^  'PBT eeiS- of thfitt wtthta * &•! |»@i* oeat of the <M3tv&-» Siaoe 
•ttii preoiiion statei. atef® was for ^ 1 points, it &m ii^ errei that 
the varioas runs agreed within these limits, 
fhe irift eoweettens €m t©' aon-adiabatio eoniitions ranged froa^  
m& per e«>iifc of the total Af at to aero at 20®!. Between 20-200®!* 
tl»y 'iHtrt- .alK>st .tfJ. zero ani between 200-500^ # Stey ranged trm 
0*1 to^  0',2 ijer oeisl -tee At, fhey lDsr@.awd sSmm r«a t«^ rsttire 
t® alwmt mm 'per o^ t ©f -tea- total AT at I55®K, 'the mtio of ^ e heat 
oapa-Oity of the^  UKtltaiy parts to the total heat eapseity ranged free 
•M 
easfc mn% at J€X3^ , 
fli® of tJia mmmmmnt©' mi gjWKcwi 
abilitr, to M'affure ttt® ms& the Af'**,. ft® errm la •&©©« 
aiBaswwsiiSs .i® to.6 ®6®@ ff&t %h& Sfct^ Stsa Heat 
oapaeity TOlm«» ©Mal»4 -ttis we^oiii' eiairf. mm ta, te ace»a%@ 
t© i 0,1 per etat tew t© 30%, aaft. to i 1'«'S ptr csmt at 15'^  
Irbltm 
faM.6 S. fli«t# iralna® af# »et oowtot^ ' far aoE l^iaeiafitj ©f Op* A 
•fflieetli c«pv0 was &ram tiir««  ^iim Taltttf oia?r©ot@d %• ®qtiatioa (9) aai 
•laa® imliiea tsm WLs mmm gl.TOii ia fable 9. falms ftm this eurro 
mm w@i iQT th.© ©al^ etilatiom ©f tti# -y^mo^naal© fijnctloJM! gtroji-ia 
f-ftW.# 10, la thes© oa#®» iii«@ tk® h«at oapaoity m» noa-reproittcible, 
til® mmcimm mlii® ef' #i® lest oapaoitf at sny gitsa t®Mp©ratm% was tia@i 
ia th® calmilatlott of ttoi»%maai® p'^ rtlai. 
Tallies of Ci, ^b©tw«i 3.§-tf%. wsr® ealo«l«t®i using a of 
% • i9.0 4a %h& '0®%®. heat oa^paeity aqwatim# fill® fsls® was oWal»i 
trm «^p«pla«Eital -rain## ©f bstwsea 15«2-1T»5^« fhts® t«s^»tOT©s 
wt». too to allon' i®t®a®imti«tt, ef tli© eltotr^mic beat, ©apacitj, so 
"Siis ©oate'ibiitioo t®a i®stiat@S to b® "Wis ssss® .a# for Isntbaattiaj^  awMly 
0*0016 f ctl, ieg.-  ^ Ig, atstt)"* ,^ o'^ raotioa tmf "tti©' ®l®etr<mle 
occteibtttion 13i® ^pt?li»»fcal TOliagf of 0  ^ gaf® iralis®.» ©f %. rtiagisg 
fim Sf,8 at to t7,4 at 17#5^« fbe dio@#n Taliid of 89.0 ws 
60 
f able S 
mmvirnnm  ^r^m» % iw erbitm, oal,, a®g.-  ^ (g, atoa)-! 
AtMlQ wsight w 16?., 28. 0®G, • 273.16%. 
Mtan. f Ipprojc, M®aa f i.pprox. Op {®I.) Af Sr (01.) Af Jr 
Itoi 1 164,10 3,92 6,254 
168,02 3,91 6.261 
59.62 3.26 6,3  ^ 171*91 3 6,304 
62»83 3,17 7,032 175*77 3.85 6,336 
65»96 3,01 7.179 179.61 3,83 6.370 
69.01 3,01 7.310 
72,01 2,95 7,42S 183.43 3,81 6*390 
187*67 4.80 6.416 
74*93 2,89 7,547 192,44 4,78 6.439 
77.79 2,63 7,674 197,20 4,76 6.454 
80,59 2,77 7,805 201.94 4,74 6.4^9 
83.33 2,.71 7.97S 
86.30 3,22 6,453 2{B.66 4.72 6*491 
211.35 4,70 6*495 
S9,63 3.45 5,393 216,04 4,69 6*511 
93,07 3,43 5,878 220.70 4*67 6*521 
96.49 3.41 5,380 227*87 4.63 6*539 
9S»90 3,39 5.883 
6*542 102.27 3,35 5.921 232,49 4,62 
237*08. 4*60 6*559 
105,61 3,34 5,910 2a,66 4,59 6*572 
im.93 3,31 5,943 246,23 4.5S 6*579 
112.23 3,28 5*970 250*78 4,56 6*597 
115,50 3,26 5.995 6.607 119,23 4*22 6,015 255,31 4.55 
259*84 4.54 6.606 
123,43 4»19 6,043 ,^34 4,52 6.629 
127.59 4,14 6,080 MM 4*51 6.64B 
131,71 4*11 6*099 M,3O 4*50 6.645 
135,81 4,03 6.123 
4,43 6.673 139,37 4.05 6*147 277,77 
282*03 4,10 6.675 
143,91 4,02 6*173 286.27 4,46 6.687 
147,92 4,00 6*196 290,69 4,45 6*702 
152*27 3,97 6.222 295,09 4*M 6*715 
156,23 3,96 6*225 299.49 4,43 6.724 
i6oas 3,94 6*245 
U 
fstole B IUMTIMBD) 
U&M f (%) Af 
Mesa t (®K.) Ipprex-. Af °P 
4 
83.27 0.16 7.990 
83.47 0.16 8.008 
S3.5S ' 0.16 8.006 
33.74 0.16 S.006 
83,90 0.16 8.007 
S4.05 0.16 8.007 
84.21 0.16 S.OCB. 
84.37 0.16 8.007 
84.52 0.16 8.006 
84.63 0.16 8,005 
a4.84. • 0,16 7.887 
85.00 0.16 7.719 
85.16 oa? 7.450 
85.33 0.17 7.W 
35,51 0.18 6.751 
tet 5 
297.12 4.75 6,713 
301.86 4.m 6.7a 
306.59 4.73- 6.730 
311.29 4.72 6.743 
315.98 •, 4.71 6.757 
320*66 4.70 6.758 
325.32 4.69 6.771 
Rtm 2 
60,82 2,36. 6,944 
63.57 3.14 7.069 
.66.,66 3.06- 7,209 
69,68 • 2.99 7,312 
72.38 2.40 7,442 
74.84 2,51 7*573 
77.06 1.94 7.639 
78.82 1.59 7,724 
80,^  1.31  ^ 7,7S2 
81.44 1.04 7,863 
82.47 1.03 7,9  ^
83,49 1,02 8*001 
84.50 1,02 7,978 
85.60 ' 1,17 6,744 
»,82 1.^  6,010 
88,11 1,30 5.921 
89.41. 1,30 5,892 
90,87 1,62 5,886 
92.65 1.94 5,877 
94.59 1.93 5,877 
96.51 1,93 5,877 
Bm 3 
142.55 4,C» 6,159 
146,53 3.97 6,183 
150.49 3.95 6.210 
154.43 3.93 6,227 
158*34 3.91 6.240 
162,23 3.89 6.,262 
166,11 3.87 6,280 
169,97 3,85 6,306 
173,81 3,83 6,33 
177,62 3*81 6,361 
62 
fftble 8 (Coatinwet) 
Mean f (°K.) Api^ iW. At 
Mean f 
C%.) 
Appreac. 
Af 
C p ;  
Ma 6 Run 9 
18.84 0.58 2.745 17.75 1.41 2.334 
lf.67 0.73 3.239 19.23 1.56 3.181 
20.75 1.45 3.405 20.71 1*40 3.519 
22.53 •2*12 3*403 22.13 1.45 3.389 
24.57 IM 3.664 23.76 l.SO 3.54s 
.25*49 1.67 3.809 
26*98 • 2.86 4.134 
a*69 2.5 a 4.564 
32,49 3.00 4.853 Rm 10 
35.3a , 2*78 5.201 
38*33 3.11 5.548 24*19 i.ao 3.544 
26.a 2.41 3.967 
41.34 2.91 5.887 50*07 ' 1.91 6*7^7 
44.2S 2.98 6.207 52*19 2*33 6.940 
47.19 2.82 , 6.505 54.46 . 2.31 6*935 
50.27 3.35 6.803 
6.853 53.63 3.26 6.953 56.82 2.32 
56.9a 3*26 6.369 59.13 2.30 6.083 
M,M 3*m 6.916 61*41 2.^  6.974 
63*65 2*22 7.072 
Ewa 7' ' 
Sun 11 
15.21 0,3s 1.647 
6.770 15.79 0*78 1.796 54.31 1.36 
16.93 1.51 2.095 56.15 1*34 6.7S6 
18.48 1.58 3.020 57.48 1.32 6.824 
20.01 1.54 4.658 5S.SO 1.31 6.S59 
22.01 2.47 3.590 60.10 1.30 6*911 
6I.4O 1.^  6 .•^6 
Bua 8 
18*90 0.64 2*967 
19.65 G*S7 3.955 
20.54 0*95 3*604 
21*59 1.15 3.691 
23*00 1*47 3.454 
24*56 1*64 3.662 
26.50 2*24 4.015 
28.62 2.01 4.470 
63 
Mtsa f Ap|a?'«« 6« Jfean f kprnm. On 
(°E*} Af  ^ {°K.) Af  ^
Eun 12 Sim 14 
53.35 1.3S , 6.735 47.36 2,88 6,369 
54.72 1,37 6,733 49.71 1.82 6.693 
56,08 1.35 6.826 51.50 ,1»76 6.883 
57 .M- 1.35 6,816 53.25 1.74 6.952 
5S.78 1.34 6,863 54.99 1.74 6.906 
60.11 1.32 6,922 56,73 1,74 6,849 
61,42 1.31 6.970 58,47 1.73 6.860 
62,72 1.29 7.034 
ftm 13 lua 15 
16,01 OM 1,S59 16,79 0,76 2.062 
17.03 1»Q8 a.iig 17,60 0,86 2.^ 8 
lSt09 1.07 2.550 IS,# 6.86 
19.04 0.87 3.763 19*16 0,53 3.725 
19.93 0.95 4.300 19.77 0,71 4.363 
20.94 urn 3.801 20,46 0.67 3.741 
22.27 1.40 3.461 21.15 0,72 3.433 
23.65 1.37 5.53S a.87 0,73 3-* 393 
24.98 i.a 3.730 22.60 0.72 3.407 
27.16 3.09 4.i6a 23.4S 1.05 3.500 
24.51 1,01 3.649 
30.42 3.43 4.642 
34.m. 3.76 5.039 Bum 16 37.61 3.44 5.464 
41#34 4.03 5.885 0.86 2.934 45.22 < 3.73 6,301 20,39 
21.23 0,81 3.041 
48,01 1.36 6.622 22.02 0,76 3.234 
49.S4 1,80 6,762 22.94 1,08 3*416 
51.61 1.76 6,904 24.00 1,03 3.570 
53.36 1..73 6.972 
55.09 1.74 6.916 
56.83 1.74 6.853 
58,57 1.73 6,865 
60.29 1.71 6,923 
64 
Table 8 COoaatSjmeA.) 
Ifean T Appim* Sq Mean f Inproa:* Cn (®K.) AT ^ (<^.) Af ^ 
lua 17 20.70 0.39 4.261 
21,22 0.67 3.815 
18.34 0*50 2.896 21.99 0.59 3.545 
iS.88 0-57 3.313 22.98 1.08 3.519 
19.44 0.56 4.452 24.04 1.05 3.SM 
19.92 0.42 4.977 25.06 1.01 3.751 
20.34 0*35 4.770 
65 
fablt f 
ieat capaelty of #rbi«s,, cal«, (g. atcm)"*  ^
Itcaaie might • 167.28 0 ,^' - 273.16< .^ 
Gp • Op f®K. 
5 O,M2^ 130 6.08g 255 6.605 
10 0.623  ^ 135 6.120 ^0 6,618 
15 1.600 140 6.148 265 6.634 
20 5.020 145 6.178 270 6.64S 
25 3.733 150 6.207 275 6.660 
30 4.602 155 6.231 280 6.673 
35 5.515 160 6.253 285 6.687 
40 5.737 165 6.277 290 6.701 
45 6.278 170 6.306 295 6.710 
50 6.77S 175 6.33a 30.16 6.716 
55 6.fl8 ISO 6.371 300 6.718 
60 6.911 las 6.399 305 6.729 
65 7.136 190 6.422 310 6,742 
70 ISM 195 6.442 315 6.752 
75 7.550 200 6.461 320 6.757 
&0 7.775 205 6.430 
85 7.710 210 6.494 
90 5.8# 215 6,507 
95 5.877 220 6.520 
100 5.884 225 6.534 
105 5.903 230 6,546 
110 5.948 235 6.557 
115 5.988 aio 6.567 
120 6.022 245 6.579 
125 6.055 250 6.591 
sfhes© iralues were obtala®# feom the Bebye extrapolation between 
and 15®I. 
M 
f atts 10 
furcrfeiea# df '©rMua 
0ai« ,atfiiEt|-3-
T°K. 30 H°-Hg -C" -  Hg) 
•• -f f 
IS o,m$ 0.172 
24 2.093 1.491 0.602 
52 6.150 3.627 2.523 
60 7,,13? 4.063 3.074 
70 a»234 4.'502 3.732 
64.6 9.686 5.04  ^ 4.638 
m 9.944 5*105 4.839 
im 10.696 •5.198 5.49S 
m 13.144 5*m 7.662  ^
m 14.963 I.6f2 9.271 
ZSQ 16.420 5.^  10.560 
a|g.i6 17.m 5.989 11.605 
300 1?.634 5.993 11.641 
320 18.061 6.039 12.030 
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0 t© 0»3 ftr 50-a00®It,# ani. froia 0,3 to 3. |>@r c©nt £rm 
200*3C^S« fte- ipstio  ^h&%%. 0afa#ity •<€ caa t© total heat eapaeity was 
1/203 at 20 ,^» V^O at SC ,^, 2/6 at 100®K.^  aai 1/4 at tss^ratws 
atotw 150®!, 
As la tte sw« ®f tli»iia.aai gateliaiiw, faet@r llmltlj^ g, th© 
m&amy -mm '&t t«i^ atTa'© !i®asu»»at, l©at eapwity "falu®s ©Trtaiasi 
frm «»otli oarwt mm ^w t^ to 1» aeetcpat© to - 0,1 'fef a@  ^ iom 
t© 30%# saS t© i 1 « 2 p» 0®at «,t 15%, 
PMISMIM 
fbm ef utautei tf th«lai, ©to%ai»a. 'in 
this is 12,1^0 'eal. i®g."  ^ Cg, atom)"" .^ iHsreaftai*, these units 
•®f eatep^y nHl 'is® fipr©i®al®i' e.a.) fhls la. ©eatragteS with th@ 
'ralwi «f l.3#58 «.m« astliiatii  ^ .aaat ®il5«©a,«  ^ fhtiy vain® was 
ImpBi: «3y m the h«at •sapaeity fe@ti»ea ti» t^ operattr®® of 
lifaM; liyfe'tgsa «0S liq t^li 3al1^^% th© mmx^M&n that th® h©at 
6&ps0lSy ^  tbwlK® Miiawd 'in .a asunsr B@VBTS3. otiwr aetal.#* 
.Hi# .i^ »e|s«a#y t»tiii®i4 lb©®® twi valxias ef ism eertalaly fe® 
attspltetii t@ imS&qvmim la tlMs ais«aptioi&i' esf md. Mh»m, 
Tbi@tiw& 4^9 aos©a2.1ss la Itn- capacity ww&p 
tti® rm3§$ 15-300%. th# ievlatloa ©f l&m jn@aiH«ii--¥alw®a fttm. a smeo-as 
etOTQ lii»©ai©4't® t 0*3 fer o®nt i» the r«g© 1,35-155 .^# teit this is 
InaigiilfieMEl m ee^aerei 'wl'^  aii«alis» «shlMte4 %• o@pi«  ^ in 
th© s*a  ^ .I»iteiwli@, la tb® t«BiJ©!rat«r® mm! #iloh it 
mm sta^J i^, ®hii»wet m aMmlim la eoatrast to th@ toehavlof 
of '^ gSsraliis*. 
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gp • + Ojjj + <15) 
Imttis® ^©at osgrfteity 
©1  ^• til® 'aafWrtie fe®at mpmi%T 
0Q • th© #2.#ei»faie litat oapaettj 
60 • the dilatation tei^ , the differ^ao# '^ feweea th# heat 
capacities at constant pressure aat at ftoastast imltaae 
l®14i Cjj ant 0'^  aro el#otr®aie ia origiji, Mt as?® twatei- m iistiact 
qaastiti#*), 11© foll©«liig relation im Bp, #i© «atr@py as8ociat®i ulth 
tl» M»a<ai. Ii©at s'^ actty at'o«a«taiit irefsiax ,^ ig ©Mialxiei iwm 
wlatimi ai3i (11)1 
. (16) 
^ert  ^$em sm r«t«iii®#. 13» psparatim ia f®lation# {15) 
ani (16), •Ail# aliaittedly jmI rif»®iis, na  ^fdsa basis f©r dis-
eiW'ttea, iiaott t# a appwimaMsa th® wt®ral teiai «© iai®pQMi©nt. 
,fh@, .iralTiis. ©f eaa h& eslealatM as a ftoeti®a of tw^sratiir®, 
aasti^ ag iiiat it eaa fet -rgprfiented Ifli® IJttg?! fimctioa '^ dth a single 
imltJ® &£ %, mmSy 1S2« fei® -valwie t«. estJjsatisi iwrn th@ lewsst 
«$p@ria©atal irnlw® 'of #t« l»at eafa.©ity, ami vm tis@i to ojctrap l^at© 
th® heat oapaolty o«rf® ft?* 0-15%» argwent# -pertaiaijag t© the 
falKlity 9i thi-s Qh&im ®f %, m® the •©otioa oa results/) falaas of Cq 
easft fe®. ©fefeala  ^  ^'ti»  ^ use of tte tafel#® @f Beatti©#^® lwB»ric«l int®-
grati®! •#! TOltiit fre® 0-36O®K,# glma a total lattio# ooratrilmticm 
to  ^®atr@py, S ,^ ©f 13*115 #»«, Wl^  th® previous aspa^fisa that th®. 
#l@jite®a4e seatrilttitieii. t@ tlW' heat oapaolty is 0  ^• 0,0016 If oal# 
(g» th@ eleols'atic satr^r, is oalowlatei m 0.576 e.tt. at 
76 
Ailataticm ©0iili?it»ti©ii to tbe h»at eapaoitj wm .shfwa to b® 
mm h$lm aaS sp^«iiiat«3  ^0.034 ^  f/38 eal. {g, at<«)**  ^
afewi i&is Ife® @Rt3e#i§f eetit^ i'biitl.c® ©f tto t#ifBij|. ®t 
3S0%, if lams 0'*^ «*ia« Mskix^ nm ©f tii® -raltue «€ Sp ia Tali.# f aaai. 
f  ^ \ JL.'i^ ^  ^j[* 4Si. •JL.^iK i^iiiia Jt .difc 1  ^B li ilLi laiii' iiff M*iit Js afcfiJi uHm, MR  ^
0. WI0 wX© 00nt^ ^xpnwx0ix 
«atet|gr# faisi. t© Ihs 1»,S40 at 3iO®i, 
fk% fialtia- ©f lit® ,aag»itie. tirtsrti^ aw fe© <»apii3?ti wHai %h& fS*®-
iictoi "Wdltt©, la t&e oa«t ®f gatollJ3i«a, IfOfck ^yie satOTatiw tssma% ao®. 
%hm fai?»tgttiti0 s«o«ptitoility w ^  aeomirtJi^  fm la se» Jiamiaf 
m in tit® «tita2.« iilmt® ^©lladta. salts, 50 tfee gai^toim atooii 
i3®y 2»sia»l«i, ^  t3?4f©«itiirt,, ani. ia fee sptetaptsa^i® #t6t® ®%/2» 
s«i^ if<n»iit@ a |i»sll@l aiig i^at ©f «v«a ©leetam® Im  ^4  ^ ilitll# 
T!tmm sm. 2f + 1 » tawfgiitiealJ '^ #qm4fal»mt eaorgf gtat«» f®r 
tripotlttft at«i, Ciioet S » i Jji. oa@®, tli@r© euw al« 2S + 1 
0qwif«l@sii mmrgy stat«Ni«) tli®. at* Is plae«S -ia a fi«M, i&t 
ai»gt«« &i th&m states are split, -isptsaiiK  ^ mpim tli@ oplsatatida 
#f' Ife© fttaa iji 'to. IUM* M a f«wwBpi@tlo .imbwtaaee, tlie «tmie »-
sjiiati &m all Ifesi up ta «i» tti«©eti^ , Is ««|a4-ral««t td 
®Kl#t.lag ©a® mmgst state# COalr at a» 'tlati- eoaplttsl^ r lija@€ 
ttp*) fb® aatro  ^ttsseiat^  with tit© faisroaagaetie stftt® of' g«t©liaium' 
Sfcewld be that for changiEig freit t® tigMt posnibl# taergr statss, 
1,IJI S or 4.132 «|wiia0iitisl. mlti® of »api@tlc mtr^py wm 
s«letilate4 to be 3.540 e.u., or 0.592 #.m, Itts tkaa & la 8. Stae# tli» 
mlmm am stUl deoreasiag »ith. teip®i'at«2r@ at J60%. 
tiisi?«. iffftaifg t@ 1» .gwsii aapLttie eoiteilitttioa to %h& li»a,t oapaeitj, aai 
•t-
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-fif iwBj ai:^  3*1 tiros that faini i-mt Motel. Wiil® 1ii@ 
Ite'ljis ttoosT l^ sOTst OIO00 to •a@r'©«@at in th© ©as®, ®f niofa®!., th^re is 
HM..^ih. iifii •> imit a'l'a'n iMi -* j|'« <«i*imm 
f lm -gtatJAtle:^  Miearles of Firgau,^  fd®gi,^ 3 sat tsfcich 
ajsi m t^he .3&ilag sofiel, are essentially eqoiirailiirt# FOKC si«|>l® 
ottMa, 0 '^ suMo lattloet tii® Sls^emtiimity 
JjQ. heat capacitsr &% Gufis te^ratsa?© Is fiwarfi t® hQi 
AO • ., |,,,gl...,. ijt  ^ oal. Cg» «t«)-3. 
••yiisTO ? » tti®. .@f asaawst sei^ ^beirs* 
»• ^ mmxmA th&b'ih® imlm wsuld mt h® ©gitatiall^ iiffsireat. io^ 
texag^al cloBsst*paeMi^ » ?» S * IZ,. th« iijafowtlimlty is 
3*24 «1* (g,. at«)-2.^ , asilfsiiaf «me spla pw atMi. fhsr© §««§ 
t® to a©'- ms' t§ fit t€i o&@o '€if gsSoUiiityBe 
HeassMoents of •&© l»at 0^aalt3r ©f gaioliadm ta th# yaapj 
h»l@w 15^» sm iefiijsei gixim they wtii allw a httt©r eiralmtim of %, 
ai^ , a better ^fomiaatim t© tht tro® Isttic!© heat capacity. 
Sisy wowl4 «!©» allow fiirtct wvalmtim of 'Wi$ «l»ebr©aio ooatrttwtioa 
to •©» h«at e^aeity of gaMLiMm, if this twa ©ffli 1m asaMsi to raxy 
lia@ai?l7 with th® tMperatiire M 'Hm rang® @f tl»«® a©,asu»E»iits.. 
.&t05Eis;ljsa of th© h#at eapaeity m&m3xmmn%9 ®f gaioliaiaa to higl»r 
t«^»tw#i i# al«® 'iesirai feo* a tetter »iraimtl«m of th© atagaetie 
•^alrihtttiaa t© #»tropy» i® wati<Ma©4 l»fa», Idi® 4®<a?®aiinf 
values of Gp as th» tea^watuM.' iasrsMs®# at 3^®I. lisiioat® that »<a@ 
Oi0ailriteiii«m i© M10 h«ai aa|sasity aa®! ©atropy .stSll i^ts 
•siWB "ttiis te^?s2sii#wre« 
Bi*Mm 
fhw as-©, thsr#® maaslm'ia tli® k&&% eai^ oity tf aa, i@ afceira 
la f ig«® 9« le-iralts TOifioiiji •tmi lAsw la® bdaf sapaeity to b@ 
»ptKittoiM® iM  ^ at &!,%• fh« 2>©auits of 
mm 4 a®t ©lay that &»at eapacity 'aarro is  ^ omtlautM tlireugli 
tha aasdam, but alto 'tJfeiat t&«r® i® m fegioa of abimt 1«2® at "fee fBTj 
peak ^bsm th® «arre is a2»st' flat, 
A 'mgs^mm, at^  53»5®K, » 0,3 ,^ «aiilslt« a 'Ibpe'iiiaao© on past 
Mieiraal Mit®  ^#f W» fl» toat ©apswsity ia tii© -eloiEity ©f' tli® 
peak ippMsntlj^  is 4sp@8ifl#nt i]^©ii th#- t^ ^sBstws to -yie biq I^® 
ka# t»aii eooi^  prio  ^ te a^djig M.a«Pwa9Kls« hsat oapacitj. 
gMffis oe t^tsly rspr^oiHt \tosn tte §m^e is e©«3.®A t© as low as 
21 •S^» ®@atiSB*wiittts .la tlis regito meunS. 53«5'^ « 
fbm h®8.% eap&oity ia. Mm mgim @f tWi^ i ffiaaiBm, at 19.f®K, i 
0,3®., i® slim® i» figur© 10. fS3ri#aa Tvm mat» ia tiiif teaj^ ^patw# 
x i^ng# ioSio&ts tiiat i3i# • i^ wi^  -tiie tei^ )#a?BtW0 t^  tJiifih ssspl® i® 
aool®i l»f®r© the aeajna^sata a» .'itartsi, •&© M i^ar is tlw p®a3c of ISi® 
Uaf «%waa.t©ly, it ws m% p®s»iWL® t© maintain 1^@ t@ap@»t«re 
•&£ tlie Isswtr rs8«r?®£r aaft jiii@ii Tselw 20 .^ f«r sTist^ aJjoid pwicAi, 
8s®emw0  ^tiiis '^S ©tn^" •« tb# Sspsaitoee ©f tto 5i@i^ t aaS 
sdiaps ©f 1^1® a® a, fte©ti©a ©I* tibyB leugth. ©f tla® toe .sas l^® 
saiataiMd l»l€>w 20®E. was aot^  p#ssil3l®, Ff«sa tb® iata that ww® taken. 
U 
it tkat th© height'mi 4@p0at, .«ly « th®' tea j^eratOT© 
to ''tMA tbe li.: cooled before taMng 'SM' mt'm tto . 
rf t3» -thm ••S£(^e is loaintaineA at tM.«. tes^smtiar© lasfsr© tsMiig 
wairaiweati., Emmm,, tto data ^ajasaftioisat't# ^ pe^xmlt a isfiait®. 
eiatlusion. 
Si® t^ ^raturw tfae 'Sffljlaa is %im l^ at .eapasity ootTO' 
{lOTWifitoi to thos® 'St §®w:rri ©liheif .|«'^ rti®» of ©rMtas ,@ i^Mt 
mm&lmm. 'lAariors* 'ffet Uffisjam at 0<a«sp»i# ••migWy to •fee 
t^ i»j?at'i»# #f 80%.» j| »p«t®€ a c&ang© in sl«  ^
#f • I»@i®tivit3r'f«»w.8 teiaperatiB?© ciirro. • Kjare i® a slight la 
ijiitial lagastlc iai#»ftiMlity &mrm at 30%, aai a region tietwem 
6'5»S0®I,, liitiw %® aafostia piiotptibility is iiii0,p«jAat «f t«peTOtt»®, 
Tkm mm3l%»: ®f ttis I'eilitivity .aM aagneti© fwaeptifellity mmmwtAB 
.gttgpis4 mf a Ii«l ptiJit, i.®#  ^ a '^sjasitioa trm paifa-
laa t^i© at ttapfratui^ t t© satifesremgattio fe©feairi«r 
"1 tm ii ••-1«- mia J-  ^ Tiiiny in -ILn MOW m m  ^tak a&i'9«L.jB> — f-nirttfc rt 1^i« T ot Yj.fjiiK.1^ *"1 3-11 1®® 0X MMJ.SII 
pr®ii^  ^ivm i»tttr« 4if&«etioa tkat a ma^etic traasitioa, Hte 
mixm ©f Aieb is ttatoml »ti .ia at about $QP%» fhsf® netttron 
•iiff3?»Bti©a stti4iiii imQAg at first, s®«i t# gtipport tte p©«eibility of 
a Hto 3?©iat, bat, as ,yet, att^ ta t® ii3tes|fl?«t tk» ista iM tera® of 
aj^  ]CK»&1 @f aatif@»«a|pttie spits' •hat® Mm imiBxeQisafyi, Ki® heat 
eapacity Qwrn ©f ©yMaa areisiii l^ow littl® aJMlarity to tbi® htat 
eapacity owro# ©f aiitif®irc8aa®iwt4c m^mrials, mieh &i 
aaS ®j»ir $mi» SaA a 'oon^wrigan ^gfcooli 
te aalfe y#ierrtttioa« ia ^fei» ea®#, siao® tue ©f «i® wcslaa ia th© 
82 
teat Qaja©lty QitjrTO of wbim fall fO oles© tegetfesr that ttey haro a 
tta&a< '^ t© ttftsk teeto o-&©r« 
A mriav &f tti© pf^rtl## ©f < rbiua 4» th© i«©g£oii arotaii S3.. 5 ,^ 
fid«g«it0 AiA wtwlA ^^ata Iflie ^attiaaa of tli© Heat eapacity# 
Slliett, Iitgvold, sjii 41.4 fj^ i, tlmt tb® aagnestls fttsoepti-
bllity b@e«0» flaM iipaattufe at 3i^ ,. * 5®t. bat tM® waili mt mmunt 
fof l^ i« h©at «9p«i'ity tb© possibility of ©Itetrsnio 
e«atrtbtttie»i t© Wm b»st eaisaoity, a# ia tb® cas@t ®f eerim, praie®-
%aim, ssii- .»oiyalija^3  ^ewiisTOt, At proseat, tbit appeari 
to b® ti»0' »#i IJJwly t# soecnat fw tb© ai^ Jteiia at 53.5®t. 
fba mm^mm in tiffli b®at os,pa©ity at 19 e«?@spon€f to tb© 
at ^d€k Slliettj, % '^gmlMf m£ Spsiiiogl^  pr i^ettd tb® onset 
#f fi»(3iiiagaitl@Ei. Tbey no neasurwat® of rwi»at jaagaetizatlon, 
bttt tli«l3?' opinion ielelr oa »a t^etie «ttiG«ptlbJPlity wasmwmts# 
foibl®:^  ami. Wsllsn  ^isSsypwtsS tItolJ? »mts'©n tiffraetlcin sBsstywsnts 
a# aiiewia® a &fia4t® f®ffr»agi»tie .-stat# at .4*2%« fba aag t^is 
taSwiiog, •t^ i.Ah 't^ sy liittjp|^ #t@€' at fe3R*ett^ a®tiQ ia natixre# first 
apptafi a® M^h. m 35 .^ aM bttwa preffiuoimofi^  a® tb© teffl^ erattir© 
\ 
is i, oba»®s frai M .antifexroBa t^ic stat# to a f®»o«. 
fflsgaetio stftt® ioe» a@t aiaw atimi, a. goai ffl^ jlanatloa for a aaxlmim 
ia tb® btat eapaeity, sltts®- ti»»' i^ ould b® m #atr©py obaag© in goii^  
fiw on® ©Mfj^ A-ftatt t^  Mmmm, it i® posaible that iba  ^
sbai^ s la o-^er fscteri e^wfeiteting to tb® b#at capacity ai#it 
mompBsy sueb a ti'aasitioa, t^tg .»e«witiag fo? a'beat capitoity 
aaxliBum at tb® t^ '^mtws #f tbt ts»aM4ti«ai#. • It ww hypo^sized. by 
Ifc&t WBLAB Im#' a from aatlf©wew t^iSBi to f«rro-' 
mtpiitlja, -ant m a«aMa is fmnd ia th® heat capacity. 
t^  a«®«tt®i tm ®bs©imfi- btorlsr of tlie- 0to@r 
®f ItoAs, 1&« attlMS ia teat eapa0i% t«S aot ®3sj)laiaad. 
f&@ OMMM 3M tli® fasst «a|iacity sf «toiiia at 'W fwa a». 
02,s6tre>ai0 ti'axwitiso slailajp ts  ^ thes# fffuai S&v e^rinii aai. nee^aiui^  
ia Mlis fjatai^ yafetwia 
Ja. e(vai.iwti<Bi at %!»• ^Jtropy taS test o.^,acity asiociatei witb. 
©f •tee ttes# iajtariiMa: imngifiga'hi.gi 'leeatsss tl» 'te^eratw® faag®» ©f th© 
aai»sl«s coatributiotti overlap, lo«0¥©r', it ii possiKLe t® ealcmlat© 
m appre^Jaat® fmltt® ef 1 :^ total M%M^ (Siropt afaootateS wi'tti tb© 
tbre® 
fbli. tot^  exrtaco|>y &hm  ^  ^ ia tb© followiag mammT, 
It is la i^sibla M &MeM a reJtm  ^tto 5©%9  ^ eb^weteristie t^ jsra#' 
tiare,. %, f«r «i?|jinm tsm •©» Im# t®^«at'^  beat aapaeity asaijwwnts# 
fbis is to» t# tb® fact tbst st -Vkmrn lowest t@! t^ratia'-@s th« aisgaiti^ est 
Qf tbs 3Wg t^ie •@l#@tr@iii0 oo&trtbtttidiis fi®@ »'riimexm, For rttasOT® 
prtwitti^ ', earlier im« fam 56), the best app'-wimti^  tO' a falti® of % 
tm trbim. efcould be obtaiasd frcaa ISmm- ^«ti?ap^atloa of" tb@ % values 
of 3J2 im Im&mm ®S 152 for fal«aiiii'0»» 'IM# giwa a falus of 
• 165 for mhlmi: frm - i^ob rAm» of tb@. lattist -ooBlrHmtioa to 
tba b«at ^cipaeity eaa 1» e-ft^ liaatet uiiijf th© Ite%© ©gimti^ . A 
•0  ^ 11»710 s,m* at 3CX3®K, is obtaioii: for S ,^ Idto lattic® siateibiitim 
to @atr®i^ ,  ^ tabl®  ^ of' -mcBm A 
0 ,^037 esl* Cg» was .eaiciiLat©*! tmf Op - 0^- at 300%, in 
tM .sootioJi m erbium resalts* Si® oea i^lmtioa of this tem at 
100^# i» 0*C1A- #*m, fl» tleetrsaie eoati?ibitl®B t#- ^  heat Q^milir 10 
aggsa ;^ te-ls® the i«® as ia laathaawj^  nsjatly  ^ l«4x JXT^Xo^^  ^ &g,*  ^
Cg«' ataa)" .^«, fim cor»'^ p«^ i^ag: mimpj eoatribiatioa is O#40O 
WBixsg eguatioa (16) aoi tta' w i^WttA v t^i» -tf 17,»634 fo? "ttte tetal 
©Kte'O ,^ the magnetic entropy at 300%* is c*ilculat®fi t© b® 5#4  ^
A theoretical vslw ©f tim iMpetic entropy ©a® ®'btaiis©€. if I4ie 
ATSFFIS OF# WMIB la TFTA vmii»% YTGSI#EII! AI' AI^ ' SIP® 
aSBi^ iei. the sasa© spectroscopic state m i#at of the £i?@0 ioa, a^3y:j 
^15/Z* val« .^^ #ateoai' sie® m .^iiig • |j«iif«<i ia. th® 
hoaitag fetal aa  ^m% c^eteifeitl^  t© -^s M^»tio, At 0®I, all 
©f tl» atw 'waM fe® In loweat #»rgy «tate of th®  ^ po#sihli> 2^+1 
m 16 statos* At saffioltatly hi^ , tgi^ ratta?©®,. th® atemi «ill as»»& 
& 3»ai3« distribation smog tlt» 16 possible stat©s» the satrow ehanf® 
associatei 'WkMi.  ^ ism 1 to 16 p i^M,® ®»rgy itatei. ii 
1 'la IS .« ^•3i2 s*a, ®iis siaplifisi tr®ataa©at ©f the aottial aatal csaa 
'!»• t»'-ati4 'l^  caatarii^  predicted .«^rla©i^ al valw# of S®, the 
aa t^io «trs|sy, fb». a^«a»at 'betwe®!! th# tw TOIWS, 5*3  ^
ani f.436 appears fortuitoui oonsiderii:® th@ assaaptions iiwca.TOt 
ia appOTjIsstJjof 'Ss©- lattio® aai @l«6ta?oiiie coaferttetioas to the entropy, 
S#wrtti«lt«9t the a0r@«©»6 leaie to ofafiieace M th® »tho<i to 
oMaJji th® pi?ed,ictai of %, 
in SKttasion of the mrk m erMwa Aoiili ia^ui® a '^apjureront of the 
h@at oapaeity ia raag® l-ai%, jwajpttwaeats it fhouli he 
as 
|0' ©Main tetter valwts^fer tto Ite%i9 ebaraetwittie tera^saratiirt  ^
«3®|: aliO' tm the ©lectrordc l»at ^apacitj* Itaefif,. i»tt©r falttss f©r -to® 
iftiiA #leotrcBt6 t0 4t%<  ^ 0Si£L4 Is©' Ssts®!Bia@S* 
A invBStigation of the 19.9®K, maxliuuia "b© maid la- o^str 
t®. ifettiaim its Oopsiaislence on th@ pewfimm  ^"tosfMil Mttcwf of 
fhare is af^arsntlj- a large mastic coalrilnitim t© Wi&- heat' 
at 15®K., aM this Cfta reasonably be 8ii.»a6 .^ t@ «t©iii btlw 
15%# l!»®«tigation of the h»«t e^aoity la th« pri^ 8®4 rang® ihoalt 
intieat® th# natxire of the magnetic oontributioa below 15®K. iasrf^r 
lat@r®i»t.liif -extension of #ii# -work •ueoli. bt •« hsat oapaoity aM 
3Mp@tis frcaa 1-90®S, in order to <3et®r»ljw th® h#at oapaoity of 
tte f«^e m. a function of applied xaagnstic fitli, thl® i^ oild help 
ia dbatf^wai,«t»g- "to# i»#i.^ Maiftyb.ip 'b©'t^ en 'iisat oapacslty mgaatio 
properties ®f erbitm, 
lfe.asB$iffliS3it8 t® rswasiA .si^ pistisatlsn wigh'^ . olear wiwwo 
of -fet -fapwaws' .aow ,««o«aif. #» mM t®^rat«r® mgim 
of a state# Magnetic «i#:e0ftibility a»aim?iaa©Bts <m a 
i&gl# eifist^ al .of ®rbi-ua a t^ PTMA tefoiaatloa to support 
h '^pottosls of antif©rraffiagn©tl» i». »#Mw# I§«^#r aaS tfellaa^® hstm 
p»ef^©i«i. apitrosi diffractioa ia o^Jmotion with sa, appll^ i 
iaag»tio- fieii* EHiofet# IiSg t^, ii^ Mii3g3>3 hsm ths 
aagaetio swoeptibllity of Hysprositmi aai haw stmm. ^at' it brfiaves to 
a namiir .tiailsr to that erbiua# It# .jaa t^ia pp®p«rti®# aore 
iiitiaot traMltiow ©oeta? f»&ar apart, s© that a e^sris® of 
86 
its teat wttli #£ @rhim ai^ t- holpM. isi int@s  ^
«af laAa-riof «f ill# latter, 
Senspal 
'IB10 W&& S'S^h ajetal® al^ t reassaaMsr 'Ta® ^©otei t® liaro 
e&araotwistie liii^  ti0{d.i Ise t®g0tfe« «ai Aow a 
ia®a©fe^«i0 variatioa with atomie Sti^ sli. a bAairior wpilt to® in. 
t ^  ^  ^ ^ ~ie t\M Itiifc' la- .M '«itk .MM dhh. * ^ rtMlill lA' Urt lali IXI iim tlM' ITii '*'^' 9 «««!» Ml dub illiir^ft ilfi •-*- rfite Jc «ttpaJSg mw m© 3jEi®ro®i3JSg aw®ic iiWipili aaa g®at:?ajyy wsr©a^ajig 
.atanic voliai ©sperieaced in going from l^ tbaam to lutstiaa. fh& 
iharacterlitio t«pna.ttip»,, %, it y®lat«i. t© th# -^Mracst^ Jjtie Itesc 
<pi»ef, f; ,^ % %M relation hVjj iMmm h k af« respeotivtly 
^ Wlrn^ mM. Boltzawa 0«itiait»« fMg c4«8yitsa»lirfcle is 
i»«lat®4 to feet' f®«# eeastifflt. f BM €©»£%• '^ If tte y#latioa • (f/p ji", 
fte fs®e@  ^ '«f tl» ti« ©arth aitaiE wli b© t#-
ijCMS^sss© a® tlis: tw-infegy iaw#a*@8 of tit© ^wsas# la 
«.ti^ 0 'telmt mSk ir©stalt«al t4#it@y IwimIB# fh® toslty -ili© iMxsmsms m 
th.« itcjui®. Mwtiiy** if, istcws-sssde Sines# it is aot knotsi' F oit p 
-M JiMi I'-jllllii iiO iIii-litif iw nan km t% %it> nn -nUi rffi it> irn iifl> nri ^«fc.iLik dM<IM ^ litl-Mi-in •i'^ ti-ifra. h m «ft •^- nrtrfi umil* VbjMk rnts- tjw g?paa.&i®" psftsitiiag®' •p.iwigSj la© waim ©sr m© TOIW®®. MJ® £5@ 
'«] t^lMatall7 determlnei, 'fli# talme# ef  ^» 132 for laatliMMi^  ajoi 
Qq » 152 im gaaoliaiua, wiii^ ii wi^  tetisaia .^ thtanaaHi-, iSiow tlmt the 
f#r©®' -eoasl:®!! if t$l6 Jawtaiafifwg factw* AS ttiStiSISaS 1^© 
*tia ,iKl«eft ia ^  mli»s ©f %• kae l*©#a for |«dictiaa of lattlo® 
to'ftt eap«eltt«®, so tt» of % i®t«K®lM  ^ tlitmaUr mtlier' -Miaii. 
froa ».®«i»i TOloelti©'# li»« 1mm w®i» Bie Tia.t»« of 6  ^ i®t®nala«i fr<» 
»ot»A TOlooitf' 2»asure3aettts33 i£>? for lantlmnaa, 176 for g®ieitiiiiMi, 
ISa im mA If 2 tm @rMm» afeselut# iraltai.a 
Mm b»sa B»i,, 4# -Am %fet m<»a@l«?d§ efeaiag# 
alaata als® :0m •Asiag# t© l» i?©«|iAy linear. It 
1» .a@»%Ieffi»d thai -itttfalmtioa lattie® 'fe#a% .eapaeititt W a 
slagl« TOlw pf % if sjiproxlmai®  ^ aluQ# 'tli# asstjap-liw •tti«<l i» 
ieMmtita «f tiit ®«1  ^ ««@ .ieJj 
fht f0,e4. agSf@«B»at if tli# ajai «p®ri»tttal @f lite 
.laaptttio erbium at 3Q0°K» mi. "feto appamiaatel^  lii^ ®r change 
ia -mm latti©® hmsA oapaoitlas 0f tlfc® rflTO aartti, a»tals saM^sts .^ 
%ii«t 'th® ©f i?«2P« «ai^  aetals aii#tt 
fbmM9 pif@ii0%l®iiis ia tii# following aaaaty. fte Qq sm 
afsa»4 t©' W7 liw-a^aj is geiii® t»m laathaaim t© ImtttiWj mA are 
ietenninedi by the values #f' % • 132 f« laa^aam aai  ^• 152 f©r 
gadolinium, fh© • »l®©lr«»io contribation t® th# heat eapaeity i# 
asiiOTid t© 'h@ mmtm% iWm^m% mPM§, ai^  t© that ia 
1 wnwft^ ly  ^ •OCafijTsal, Ig, ate«)"'^ » Th«ir© is m Justifi^  
eatien fm this «o#pt liat it &p^6m t® th# .Q  ^appmiiiaatioa t^eiat 
@aa b# aai®^# th© laagJiitM© of ©p * 6  ^ if ^«aiiii@J  ^ ii©gligitol@ ia li#t 
of tl» ®atll valms oalculated, f®r g t^oliaiwa sm&. ©fbitm  ^ fl® iaa i^i®tiQ 
e®ati'iteti« to th« 4s ealoalat^ , that th# atoms ©Kist 
as th# tirl^ ositi^  im ia the »t^ ,. aal that th» ®aly aati^ y e»» 
tribtttf  ^ valtae® tl#ctrons  ^ ii ia th@ elset^ tmie heat •©apaoity# 
fhii if jc^^Talcat t-o tho »i,#ta t^i« tti»i is eas® of th® «ii#al« 
wip»tie9l3  ^ailuti .ipar® #arlh •alt«« At 0®I, th® i^ Bi mt@ s«.»aa®4 to 
»ist ia %hB IsfHist mmm' stat#' of th® 21+1 possible states* 
M 
At ilie isM «« «iiwi t© 1» iistritat®# la all ©f th© 
poasibl® + 1 tsfergjr states, fli® ©atarepy t^li th@ 4iii-
•trlbiti.®!! ©f• tlie teas' 'lat®' '^ e 'amil.aljie statue at-- tte »tal it 
MXM€. f»® 0-300®K. is R la (2J + l), fh® MMMIM <rf tM« tr«at«iit ia 
t&# osts® @f erbium fseaa to justii^  .it# uk®, 
tlif#« &i«« i^0Bs leafl, t© valii p i^«ti©a» fco- of 
tkt raw- ©aiftli wt^ a, Mitf jjaafeqwate ia tli@ eai®» ©f 
yfettrMw, iaBarium because ®f tia®. abneiaai state®. 
»F)& iresulttig  ^ .l0©@@ MhibiteA ^©-i# astsls* la tl^ ir 
bsrifei ewopitaa aai ittwbim «» kmm to «l0t |r®f«»afeiiCl3y' la 'tli® 
iii^ leat itat#, wl'to. th®. 4 f ih«ll »]^etiTOly half-'fffl®! mA 
ihi MM •ima II ^ IN' iBg tnrar ^ '«B 'AM At- ••—• ^ »\...^^. j. c MI—a hm iiiW IM m. MMM.^iia A 0@^4.ei#iy»i Ji4iia.« fais. ia. pwsjiiiw oasy e^r int© &n® 
Bitals, '^ iwra idie atsEW p©.iie8ii the »«» ele®tr«» mm m th® iij^ ositiw 
i@a« • fli® hmUng la the eat# #f Ifcs fiiponitiw i<ms .jiiwili ssaii® 
fee values «f ouropiua asi ytterbium, ,te b® scfliaiteaWf ttaHer thus 
•a®- &Mim* ram earth mstals •a»A# heast,. at .«  ^paaptl^ tilsa?  ^ teaperatifi^  
th®ir- latti0« o©>a i^totitioi» 'im th© heat O'^ aeity aai «ta»©py wetili b@ 
**1 •*-•—•-• —.—'-
Im tha. ease #f «iiropi«», ife® iiiral«o|. im .is ia @p@<stf©.se®piG 
Stat® ^S<7/2»  ^wemXi| tm t® hmm a mapi®ti© c»«' 
• i^laitictti t© itn iinlHPopy #.<|ua3. tfi that gad l^iai'aii# Becaws® th© 
lattice mm^rlbaiim tw th® #iitr<  ^is- t@ be. abi«wtl3  ^ JLs»g@, 
ttKropim •pwlt he t# have m ftatr t^^ y ge@«,t« 'Hiaa it» ml^ thexca  ^
mi gaitoliuia. la th®. ®C .ylterbluja, th© ii^ dL®  ^ loa is to 
th® .s,i3®ctr©®e®|>lo ®tat» %o, md. wmHi b©  ^ t@ h«f@ m aa^aetio 
M . . 
aos-l^ iti^ txon Bs-oa«^@ ©f tl« asifeialpatsi 'almOTally larg® 
lattioa safer^y, ytterbi^ t vould be .^ ©ctod to ha,f© a tstal ©ster^py 
sssas'T i^ftij tba®, 
fafels^ 3J. I'igift 'K slifw tli# r'6#u2,ts <&£ tli® oaletalatlesise 
Table 11 
.aai ©f ,I q^q TW ^  rar# •©«% Mtiflts 
ElWBttt % i.+ i« J« a la •(a.r+i) Pra. Sssp# 1%  ^
«.,u. % 
La 132 13.41 0 0 13.41 13.64? 
Ge 135 13.29 3/2 3.56 16.35 16.6# ft 13a 13.16 4, 4,37 17.53 17.4# 
m 141 13.04 f/2 4.57 17.61 17,54'® 
Pn 144 12.92 4 4.37 17.29 «l» «M*. 
&B. 147 i2.ao 5/2 3.56 16.36  ^
Eu «tl» «H»' mm m0- 7/^ 2 4.13 • «. «l» «w 
Gd 152 ,12.57 7/2 4.13 16.70 15.i3 Th 155 12.44 6 5.10 17.54 
Ify 159 12.32 lS/2 5.51 17.83 mm 
m 162 12.20 g 5.63 17.83 
m 165 12.08 15/2 5.51 17.59 
Sa 1  ^ 11.95 6 5.10 17.05 '«*. '<MI» 
ife «» :m* '#«' 0 0 m «w m mm 
1.11 m ii.m 0 0 11,71 mm 'm 
®fb®. total angular lacsnentuia 
mmp% im ©vtropi-um mi ytterbium i ii im I4i# im* 
bjhe.e axporli^ ntal values of Sp ve«. fp«a refarmc# 3. 
M 
M 
M 
W 
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aa»OtGlat®ii iiitib, i&« e3mmliM» ytm (fcteimiaid aisd witii 
til® f®lw. 
fh® ehffl'aQtwi Stic beiigjeratiff®# mm immi t© iaci?®a«© tpm 
132 it 152 in geiag feat laa t^oium to gaioliatm, tbis tawS ia % 
Tiiiti®® Ijtea '^ IsstMiwSe 
A 'asiiytoi. -of i^ietiag tts# tntrepiai at 
o^03? vm*% ©as#i 'attals lilts feita p»®eat#i- -aist th@ pwiiet^ . iral'Ui®#, 
s&wa, 6.«ipa3?ii<» &f •pptiletet %i4tli «perliB®atal falw 
s&0Wii.. mwf ^gei^' .agwc^Hl 'bttweea «» %m. 
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